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Welcome to the seventh volume of the How It Works Annual, where your 
burning questions about how the world ticks finally get answers. Feed your 
mind, indulge your curiosity, get answers to your strangest questions and 
uncover the truth behind the greatest misconceptions. We delve deep into 
the mysteries of our world with in-depth and entertaining articles, 
accompanied by cutaways, illustrations and incredible images to show you 
exactly what goes on inside. The How It Works Annual explores the 
universe through six areas of knowledge: technology, transport, the 
environment, history, science and space. Our subjects run from the 
smallest of things in the natural world, like the Venus flytrap, to huge 
architectural accomplishments like the Palais Garnier opera house. We 
also uncover the things we cannot touch, like the science of fear, and the 
technology behind virtual reality. We go back in time to meet Egyptians 
and early humans, and gaze into our crystal ball to see what the future 
holds, like miraculous medicine and interstellar travel. Are you ready to 
learn more about the world around you? Then read on and be amazed. 
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“Today s fighter jets 
gre configured for a 
variety of Missions, 

engaging In air 
superiority operations 
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By streaming real-time imagery to the helmet, the F-35 allows pilots to see ‘through’ the plane 


: Every pilot’s outfit is 
7 meticulously thought 
ae. —— out for their safety 


Fighter pilots require specialist equipment 
to tackle death-defying manoeuvres 


Suiting up is a critical aspect of the job. Fighter 
pilots’ equipment is often tailored to their 
mission, whether the jet aircraft is flying faster 
than the speed of sound, engaging hostile 
targets or the pilot is on the ground, evading 
capture or fighting for survival. 

“A pilot wears a helmet and visor, amask 
which is worn at all times with a radio 
incorporated, a flight suit made from aramid 
(Nomex) - a material that is not fireproof but will 
char instead of melt - gloves, steel-toed boots, a 
G-suit, harness and survival vest,” explains 
Lieutenant Bettis. “Other types of equipment 
vary depending on your mission, whether it is 
peacetime training or combat.” 

The flight suit is ideal for protecting the fighter 
pilot in case of an onboard fire. “It’s like zip-up 
pyjamas with a few pockets. It’s pretty simple,” 
Bettis describes. “The G-suit, on the other hand, 
is an expensive piece of gear that plugsintoa 
receptacle in the cockpit.” Heavy acceleration 
can generate high G-forces on the pilot, sending 
blood rushing towards their head or their feet. 
Either scenario can cause a pilot to pass out, so 
pressurised G-suits are worn to combat this. 

In cold weather, pilots don a rubber-lined 
exposure suit that functions much like a diver’s 
wetsuit, providing insulation and retaining 
body warmth if they land in water after a forced 
ejection. Gloves are made of Nomex material 

























similar to the flight suit, and are both fire- 
resistant and warm in cold weather. 

“We carry a large assortment of mostly 
survival gear on our vest,” explains Lieutenant 
Commander Denning, “in case we ever have to 
eject.” The survival vest contains a hand-held 
GPS for orientation, waterproof matches, 
thimble-like lights that turn fingertips into . - 
miniature flashlights, camouflage paint, a m ie ee cunnuik 
tourniquet for wound treatment and more. $, SAE 


Next-gen | 
helmets ———— 


What tech makes 
the F-35 Gen Illa = 
pilot’s ultimate 
wingman? 
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The flight 
suit’s transparent 

thigh pockets 
usually hold the 
flight plan and 
a map 
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IN THE COCKPIT 
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scores of switches, controls and buttons 


During all phases of operation, pre-flight, 
in-flight, and post-flight, the fighter pilot is 
constantly aware of their surroundings, and 
idalemecevecbectcbelomecelnccMe)auelcm(-1m-beqec-Damlonuels 
cockpit. To those who have not trained as pilots, 
the confusing mass of control panels is 
overwhelming, but to seasoned professionals 
the operation of these instruments is second 
nature, thanks to years of training. 

“Pilots develop a cockpit scan over time, where 
each instrument is monitored at an appropriate 
interval,” relates Lieutenant Joshua Bettis. “The 


scan varies depending on the pilot’s mission. 
Pilots also spend a significant amount of time in 
1d alam oleley ese Walcavmeelorsim estonia elem e)ae)el-ymbicren.balel 
limitations of every piece of gear on the jet.” 
Today’s fighter jets are configured for a variety 
of missions, engaging in air superiority 
operations and ground targeting. “Everything in 
the cockpit is as streamlined as possible for the 
pilot to operate the systems, their hands never 
leaving the controls,” says Lieutenant 
Commander Josh Denning. “Before we even 
learn to fly airplanes we go through many hours 


“¥ Staying in control 








Fighter pilots must know their cockpit layout 
and the function of every console init 
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Airspeed indicator 
The airspeed indicator tells the 
pilot how fast they are flying. 
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Chaff/flare control panel 
Electronic countermeasures allow 
the jet fighter to jam enemy radar 
signals and prevent hostile missiles. 


Throttle 

The throttle controls the starting 
and stopping of the engine, along 
with manual controls for 
communications and other systems. 


: 
Electrical panel 
The pilot can control whether the fighter jet | 
is powered by its generator or battery. The | 
Emergency Power Unit can provide power 
for an hour in the event of an engine failure. J 
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Test panel 

On the test panel, 
switches and buttons can 
be used to test circuits, 
lights, onboard 
computers, warning 
systems and numerous 
other measurements. 
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of cockpit familiarisation, learning the systems 
and their respective controls in the cockpit.” 

The pilot has to know their stuff when a 
split second could be the difference between 
being the hunter or the hunted. “Training 
depends on the complexity of the gear the pilot is 
learning,” Bettis continues. “Ground school 
(oni(vesmeceyesye)cer.@barsieaunestsyaimaubelanloer-elomaslcieyavs 
followed by simulators with seasoned instructor 
pilots. Next, the instruments are utilised in 
manoeuvres and tactics in the aircraft - 
normally in a ‘demo-do’ format, where the 
instructor demonstrates proper usage before the 
student makes an attempt.” 

Scores of knobs, buttons and switches govern 
the function of at least 20 systems, each of them 


Canopy view 

The HUD combiner 

glass provides the 

pilot with the 

head-up display that 
_ shows critical data. 


® ~=Television 
The television sensor 
supplies real-time 
images for the pilot 
to monitor. 


Fuel indicator 
. S| | j The fuel quantity 

\ if indicator allows the 
B pilot to assess flight 
time and distance. 
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> Engine controls 
| Engine controls are used to 
manipulate the jet fuel starter 
system and computerised 
engine functions. 




















Ejecting froma fighter jet can make pilots a few centimetres shorter, as the high G-forces compress the spine 


critical to the fighter’s performance and the 
survival of the pilot. These include the engine 
along with other systems related to fuel, 
Vahiseacevanestcvelmsbelomncvaalel-ve-inelaom-y(-lem elect | 
systems, flight control, hydraulics, landing gear, 
autopilot, lighting, communications, navigation, 
JN ed om (Col-veimbateraleyebm wal-)alome)a uel-) Payi(crs] ele) etsy 
seclotebar-beromenleacn 

“As pilots progress in their careers and aircraft 
get more expensive to fly, the learning curve gets 
steeper,” explains Lieutenant Bettis. “Students 
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: Ja\ | Nuclear consent switch 
sa If nuclear weapons are carried, 
manipulating this switch gives the 


# jet consent to arm and release them. 
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work through 20 or more flights in primary flight 
training just to be able to solo a T-34C. Conversely, 
a newly winged aviator that is transitioning into 
the Hornet is expected to solo on his third or 
fourth flight. Simulators are an excellent tool 
used to teach pilots and evaluate their 
performance ina lowrisk setting. They allow 
instructors to create emergency situations that 
otherwise wouldn't be feasible, and adjust 
conditions such as weather to challenge a pilot 
daTclm@tsantevacenarcmevambersinauventcvelmicrcaelmm 


WWFeKcinl alate mu avsmexeler.ce) ie 
controls of a fighter jet 
takes years of training 


. =F 5 lit Second could be the 
difference between bein 
the hunter or the hunted” 


Airspeed scale 
The airspeed scale 
indicates the current 
speed of the fighter 
plane in knots. 


Flight path 
marker 

This corresponds 
to the flight path 
or vector that the 


pilot has set. } 
I ) 


Pitch attitude bars 


Pitch attitude bars show @) 


whether the jet’s nose is 
tilted up or down. 


Horizon line 

The horizon line 
indicates the 
orientation of the 
plane with respect to 
the horizon in the 
pilot’s line of sight. 


Gun cross 

The gun cross 
shows where the 
nose of the 
aircraft is pointing. 
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With great power comes great responsibility: 
how to handle a fighter jet like a pro 


Few fighter pilots would deny that the 
adrenaline rush of take-off, flight and landing is 
exhilarating, but they are also clear that the 
experience comes with significant 
responsibility. “Inside the cockpit there can be 
no complacency,” warns Lieutenant Bettis. 
“Even the greatest pilots are one mistake away 
from demonstrating their mortality.” 

The fighter jet is designed for speed and 
manoeuvrability, and pilots feel they are on 
the aircraft rather than inside it, surrounded by 
the cockpit. “You literally strap the plane on to 
you,” says David Collette, a former F-16 pilot in 
the US Air Force. “The plane is your life, but you 
are the brain.” 


The F-22 Raptor can cruise 
at supersonic speeds 





7 


Turning in 

A pilot seeking the most advantageous 
firing position on the tail of their adversary 
may execute this turn to close in. 





Flat scissors 


This manoeuvre involves two planes 
weaving from side to side as they each try 
to get behind the other. 


In contrast to the wrangling ofa fighter jet, 
commercial aircraft are designed for stability, a 
smooth ride and passenger comfort. Ina fighter 
jet there are no passengers, just highly skilled 
professionals who are trained to complete 
dangerous missions. The fighter jet accelerates 
like a race car, and the characteristics of the 
aircraft shape and mould the flight experience. 
The shake of turbulence is never cushioned. 

“Flying a fighter is the most exhilarating 
feeling I have ever had,” explains Lieutenant 
Commander Denning. “There is an absolute 
sense of freedom while flying, especiallyina 
high performance airplane such as the Hornet. 
G-forces feel as if you have weight pressing down 
on every part of your body. It takes a lot of 
practice to master the physiology of fighting the 
forces you experience in the cockpit to maintain 
consciousness and continue your mission. Itisa 
very intense workout, and sweating out as much 
as five pounds [2.3 kilograms] of body weight is 
not uncommon under our most physically 
stressful missions.” 





Aerial combat manoeuvres 


Fighter pilots execute precise moves to gain the decisive edge on an adversary 





S 
Lead turn Rolling scissors 
This move enables a pursuing fighter pilot Often following a high-speed overshoot, an 
to close in on their opponent by starting to evader reverses into a vertical climb and 
turn before the planes pass each other. barrel roll, compelling the pursuer to follow. 
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Bracket Hook-and-drag 

Two pursuers launching a pincer attack Two persuers launching a pincer attack can 
force the evader to choose which opponent take advantage of an evader’s turn towards 
they will engage. either of them. 


The Predator drone burns 300 times less fuel than a fighter jet 


SAFETY FIRST 


Fighter pilots must be vigilant at all times 


Ejecting is always a last 
resort for fighter pilots 


“Flying an airplane like the Hornet demands 
100 per cent of your focus and situational 
awareness for 100 per cent of the time,” relates 
Lieutenant Commander Denning. “Flying is 
terribly unforgiving for any carelessness, 
incapacity or neglect. There are systems in the 
airplane that alert us to several different types of 
emergencies, but most importantly it’s the focus 
you must maintain that keeps a pilot safe.” 

Safety begins with pilot awareness 
and follows established procedures. From 
suiting up with indispensable gear to a huge 
range of pre-flight checks, the pilot works to 
minimise risk, through take-off, mission 


The warning light flashes. Sights, sounds and 
sensors alert of potential disaster. Instinctively, 
the pilot takes action, as safety is second nature. 
Then, the exercise is over. The flight simulator 
has done its job so the pilot will know how to do 
theirs. “The simulators are run by former pilots 
witha breadth and depth of experience,” 
remarks Lieutenant Bettis. “However, nothing 
replaces seat time in the jet.” 

During that “seat time” the pilot is constantly 
alert, blending their knowledge with onboard 
systems that keep both pilot and plane safe. 
Flying is arisky business. Not only does the 
pilot’s life depend on it, the fate of a jet aircraft 


“Flying a fighter is the 
most exhilarating 
feeling I have ever 
had" - Lieutenant 








worth millions is also in their hands. fulfilment and landing. Co mmoan d er D enn i Nn Gg 
Clearing Acceleration ; 
The last resort One second after the ejection, | Seat and pilot are shot upwards, Rockets fire 


The ejection rocket ignites as 
the seat zips up guide rails, 
onboard systems disconnect, 
emergency oxygen activates 
and the parachute is primed. 


to around 60 metres above the 
plane. The intense force means 
there is a 30 per cent chance of 
spinal fracture and 10 per cent 

chance of death. 


Pilots only eject from their jets when 
all other options are exhausted 


the pilot - along with their 
survival gear - is released 
from the seat. 


Parachute 
deployment 
The parachute deploys 
automatically. Some models 





Activate ejection 


have sensors to activate the 
chute below 3,000 metres, 
otherwise the pilot may run out 






The pilot pulls the ejector 
handle or face curtain to 
initiate the ejection 









of oxygen during the descent. process. The plane’s 


Canopy is released. 


Descent 
The pilot prepares to land as 
safely as possible. For example, 
if they are over water, they can 
deploy a life raft. 
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An F-35B undertakes one of 
its many test flights before 
being assigned to a fleet 





F-35 jets have clocked up 
a total of 60,000 flight 
hours since 2006 
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F-35s cost $3ek per hour to fly 





Huge tanker aircraft 
can refuel fighter 
yecm lamealiebrelia 
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The Airbus A380 is greener 
and quieter than many 
other passenger jets 


Thrust reversers 
|Motor-)u=\ome)amaarcWialatsiagatescie 
engines, these slow down the 
aircraft to assist the brakes 
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Boarding the A380 


The incredible technology 
inside this sky giant 
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Lightweight materials 

The majority of the wings and fuselage 

are made from aluminium alloys, but 25 7% 
per cent of the structural weight is - 
composite materials. 
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220 cabin windows provide 
fo)tedal aVAe)mar-) 40a] mllelalmr-|avem uals 
cabin air is recycled every two 
minutes for a fresh atmosphere. 


Crew bunks 

‘OTe (oyaremal(e|alacmmuarem ©) | (e)acw-l are! 
crew Can get some rest in ! 
bunks located below the lower 
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How does the enormous double-decker Airbus A380 get off the ground? 


errying travellers all over the globe is an 

expensive business for the world’s airlines, 

so it makes sense that they would want to 
pack as many passengers as possible onto each 
aircraft, reducing the number of flights they need 
to make. Thanks to its double-decker design, the 
Airbus A380 is capable of carrying up to 853 
passengers ata time, ifitisinasingle-class cabin 


018 


configuration. That’s over 150 more than the 
aircraft's competitor, the Boeing 747-8. Most 
A380s, however, feature four separate classes, 
with economy and premium economy on the 
lower deck of the airplane and the more spacious 
business and first class upstairs, which reduces 
the passenger number to 544. This is stilla 40 per 
cent increase on the 747-8’s four-class capacity. 


As wellas being the largest passenger jet, the 
A380 is one of the quietest, with dampeners 
reducing engine noise to half that of other jets. It 
is also more environmentally friendly, because it 
needs to take fewer flights to deliver the same 
amount of passengers, and the fuel-efficient 
engines are claimed to give off 22 per cent fewer 
CO, emissions than the jet’s closest competitor. 


The Airbus A380 Is covered in three layers of paint weighing around soo kilograms 
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Upper deck lly, 
Business and first class is , Uy 
have room for full-flat beds, tf & 7 
as well as bars and lounge =| | | s} | Talel tare] gear 

areas for socialising. | | rE 7 i WVAoRs-veoWe) im Felavel late muvatsvs)cmalsl® 
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putting less stress on the runway. 
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Two staircases provide access to the 
aircraft’s upper and lower decks 
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Efficient engines 

The four-jet engines are designed 
to be incredibly fuel-efficient, 
burning 22 per cent less fuel per 
seat than the nearest competitor. 





Building an aircraft ofthisenormoussizedoes gangways from theaircraftto the terminal 


present a few problems, though. Many airlines building are needed - a set-up that only certain 
have had to modify their aircraft hangers to airports are capable of. 

accommodate the increased height and Asaresult, the A380 can usually be found 
wingspan of the A380, and some airports just travelling to and from the world’s biggest 


don’t have enough space forthem to park.Also,to international airports, making the most ofits 
speed up the process of boarding and offloading 15,200-kilometre range to deliver passengers to 
such a large number of passengers, two far-flung destinations in style. 










INSIDE THE 
TESLA MODEL $ 


They’re the most talked-about electric car manufacturer in 
the world, but just what makes Tesla Motors so innovative? 


he concept ofanelectriccarisnotanew manufacturers to look at alternative forms of specifically produces electric 
idea. Manufacturer em =p S. ve 1 
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Regenerative 
brakes 


As well as using electricity, the 
Model S is also able to generate it 
while driving through town. 
When a driver lifts off the 
accelerator pedal, gentle braking 
is automatically applied, and the 
energy harvested by the brakes is 
then fed back into the motor to 
reuse. This is a key component in 
helping the Model S to maintain 
its exceptional range. 








Model S owners are guaranteed the free use of Superchargers at Tesla charge stations for life 
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Software — 1. Thanks to the intuitive 


1 ao ee, = Tesla Model S app, 
updates — Owners Can precondition 
~ Yee ‘4 dat=Me)ataeley-|aemel|[aar-iXome) i 
: their vehicle remotely, so 
the car reaches the 
perfect temperature by 
the time they enter. 





One of the most creative 
innovations over a conventional 
car is Tesla’s use of software 
updates. This is all done 
over-the-air, meaning cool new 
features can be added to the 
Model S overnight. An example 
of this is the addition of the 
‘creep’ function when releasing 
the brake pedal in traffic, which 
was added after Tesla consulted 
with Model S owners on how to 
lem improve the driving experience. 


































The Model S doesn’t use a 
conventional car key as we know 
it. Instead, owners are presented 
with a small fob - sculpted to 
mimic the shape of the car itself 
- which has a built-in transmitter 
that talks to the car via onboard 
sensors. This means an owner 
only needs to have the key on 
their person and, when they 
approach the car, the door 
handles pop out and the car is 
ready to start. 


















Quiet tyres 


With a noisy engine replaced by 
a beautifully silent motor, the 
Model S glides along the road 
with virtually no audible 
soundtrack. From inside the car, 
the only noise that remains (with 
the radio switched off) is rolling 
road noise. To combat this, 
ContiSilent tyres from 
Continental are used, which have 
an extra layer of foam inside to 
reduce the noise it produces 
when rolling along a surface. 





INSIDE 
THE TESLA 
FACTORY 


See how the Model Sis 
assembled in Fremont, CA 


Tesla Motors can lay claim to producing some of 
the most innovative and technically advanced 
electric vehicles on the planet. Currently, Tesla 
produce one car - the Model S - which is 
available with a variety of power and drive 
options, however, a Model X SUV is planned for 
2016. This Model X will be manufactured 
alongside the existing Model S from Tesla’s 
main factory in Fremont, California. 

The facility was once home to General Motors 
and Toyota, producing halfa million vehicles 
per year. Tesla purchased the premises on 
Fremont Boulevard in 2010. They transformed 
the building into a factory that’s as advanced as 
the cars that roll out ofit, all ona site that covers 
an area of 492,000 square metres (5.3 million 
square feet), used for both manufacturing and 
office space. Old assembly equipment was torn 
out and robots were installed that can perform 
complex functions, from assembling the 
chassis to welding and laser-cutting parts. Each 
one is named after an X-Men character, as they 
have the ‘superpowers’ to lift and manoeuvre 
entire cars with ultimate precision. 

The factory floor itself is split down into five 
sections: stamping, assembly, body, paint and 
plastics. Every part of the Model S build process 
is carried out at the factory in California, from 
the early panel beating to final test-driving. 
State-of-the-art technology used by Tesla in the 
production ofits cars also means high 
efficiency, reducing its carbon footprint. This 
includes basic measures, such as replacing 
fluorescent lights with energy-saving LED 
lamps, all the way to using ultrasonic waves 
inside the car instead of wasting gallons of 
water for a leak test. They also use powder 
coatings for the primer and clear coat layers 
instead of traditional liquid paints (which 
contain harmful compounds), another 
modification that helps lower emissions. 

The addition of advanced robots and 
conveyors enables the factory to process one 
million battery cells every day. Soon it is hoped 
that the robots will also be able to install the 
battery packs in the cars, which will relieve 
factory workers of one of the most labour- 
intensive jobs in the process. Currently, Tesla can 
produce up to 100,000 vehicles annually. Not bad 
for a company that is less than 15 years old. 
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From factory floor to your driveway 


Discover what it takes to create a Tesla Model S 


Stamping 

Aluminium sheets 
are machine stamped 
into doors, roofs and 
hood panels using a 
hydraulic press. 


Sub-assembly 

Groups of workers on 
the production line join the 
stamped pieces together 
as sub-assemblies, while 
outer panels are welded to 
the car’s inner structures 
for strength and safety. 





Framing 

Robotic arms take the 
sub-assemblies and begin 
gluing, welding and riveting. 
All doors and lids are hung 
on the main frame, and the 
entire primary structure is 
checked for imperfections. 


|! 20 ag 





Tesla's first production vehicle was the Roadster, which looks similar to the Lotus Elise but shares 6% of parts 
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“Old assembly equipment was torn 
out and robots were installed” 


Paint Final assembly 

This is a four-step The painted doors and lids are 
process that involves removed for further work, while carpet, 
preparation and three layers air bags and the main console are 
of paint. The car then travels installed inside the car. The entire 
on a belt to a 176°C (350°F) sub-assembly containing the motor, 
oven to cure the paint. transaxle, inverter and rear suspension 





is bolted to the body of the car. 





Quality testing Delivery 

Tests include a rolling road and The car is now ready to 
checking for leaks, as well as a be delivered and is shipped 
visual examination at an inspection to various Tesla showrooms 
station within the factory. all over the world. 





© Tesla 
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AUTOMATED FEATURES 


How the Model S can switch lanes and park by itself 



















Although not quite a driverless car, the ModelS constantly sense five metres (16 feet) around the 
does boast an array of automated features car to check for objects such as cars in traffic. 
including autopilot, lane change assist and The data is fed to the car’s engine control unit 
automated parking. The most revolutionary of (ECU), which determines what lane or path the 
these, autopilot, works by utilising a forward ModelS needs to take. The idea is to take the 
radar, 12 long-range ultrasonicsensors positioned _ strain out of situations such as congestion, 
around the car, a forward-facing camera anda offering increased comfort for the driver. reading road signs. Automatic parking is also 
digitally-controlled electric braking system. Similarly, the software and hardwareisable — possible under the same technology. The car 
The camera reads road signs and checks for to steer to keep the Model Swithinadesignated will notify the driver when it detects an 
objects in front of the Model S’ projected line, lane, or even change lanes with just a tap ofa available parking space and be capable of 
while the radar and ultrasonic sensors turn signal, all while managing speed by smoothy manoeuvring into it. 
7 i Radar 
Autopilot explained stipe ate waves that bounce back 
Find out how this futuristic feature helps off nearby objects, helping the car to 


drivers to keep a safe distance build a picture of its surroundings. 


Ultrasonic sensors 

A total of 12 long-range 
ultrasonic sensors are placed 
around the car and detect 
objects that are up to five 
metres (16 feet) away. 


Resuming 

cruise control 

If you are at a standstill for a 
long time, tapping the 
accelerator will re-engage 
autopilot mode and the car 
will accelerate by itself to 
your preset speed. 


Adjusting autopilot 

A stalk by the steering wheel 
enables the driver to manually 
adjust the distance between the 
Model S and another car. 





Forward-facing camera Electric braking system 





a The forward-facing camera The Model S uses the information from the 
—— reads road signs to ensure the sensors and radar to judge how much space 
, a Model S is travelling at a legal it has between itself and an object in front. 
er ai speed at all times. When that space reduces, the brakes are 
ee ————— automatically applied. 


The forward-facing cameras and = The Speed Assist function makes sure *. 
sensors can scan up to 160m that the Model S keeps within the — 
(525ft) of the path ahead speed limit of the road ee 
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Tesla CEO Elon Musk Is also the founder of advanced spacecroft and rocket manufacturer SpaceX 








IN THE DRIVER’S SEAT 


It may look like a conventional car from the outside, 
but the interior is laden with next-gen tech 


Aside from there being no transmission tunnel 
running through the middle of the car (or evena 
gear stick for that matter) offering up more space, 
the interior is akin to that of a conventional 
vehicle. There are two seats up front, arear bench 
in the back, and even an extra two rear-facing 
child seats in the boot space, should you wish to 
pay the optional £2,500 (nearly $4,000). However, 
the genius of the Model S lies with the huge 
43-centimetre (17-inch) touchscreen in the centre 
ofits dashboard. This interface is the main control 
hub for the entire car: the driver operates the 
touchscreen to access a variety of menus and 
settings, which control everything from opening 
the sunroof to providing satellite navigation. 

On purchase ofa vehicle, an owner is 
encouraged to download the Tesla Model S app, 
which lets you precondition the car’s climate 
ready for your arrival, as well as flash the 





s a 
headlights or honk the horn-usefulifyourTesla j™ ez, “ec 
a 


is parked ina busy multi-storey car park. The a | 


ai 
al Lol 
= 


app also provides a live location of the car's , fa < 
whereabouts via a satellite view powered by Se aS +, 
Google, ideal in the event of the car being stolen. ) nat? : D4 

Added to this, the app remotely notifies the \ | Pes — whe Tesla mag 
owner when the ModelS has finished charging, | The touchscreen is the focal point enables you to 
aiding the efficiency of the car in fitting in with | of the Model S' interior, negating locate nearby 
‘hedrivers day-to-day lifestyle. 1a atom als\o1e ke) @r-B)(-1dale)a- Me) mere) aluge) |< (ol ate] ae] ale msie- 1a (elas) 
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riow to stop a 
speeding car 


Police use the precision immobilisation technique 


Mos-Jialemueslordceya 

: The rear wheels lose grip 
Speeding car | $ against the road, sending the 
High-speed chases can &§ suspect’s car into a skid. 
last hours and are very | . 5. 


dangerous, so officers 
use the precision 
Taalaatele)iistlicela 

itera] al(el0(=¥ Gad KO RSiKe) ©) 
the fugitive’s car. 
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The fugitive either lets the 
fore] ams) 0) | a elUl me) imexe) alice) me) 
icess{o) @ BoM KONO) e-1.4lale pm =laleliale] 
the chase either way. 


Keep turning 
: | | | | The officer 

In pursuit oe Sharp turn continues to turn in 
The police officer | B® Thepursuing officer ff the same direction 
begins the manoeuvre | | then steers their car Uyald | muals\var-]aowea(st-] me) 
by aligning the front of | sharply into the side of fj the car, preventing 
their car with the back | | the fugitive’s vehicle, atMeraniarlmixeyan 
of the car being chased. mag =making them spin. | correcting the skid. 


GHOST is elesitelatcem iets military use, but can be 
rYere] 0) k=1e xe) aroxe)palaai=\gelf-] m=] a(em aeXerast-lule)ar-|m ele] a ele\(-— 





A fat bike’ is gq more specialised mountain bike with tyres designed for riding on sand and even snow 


The mechanics of 
mountain bikes 





The incredible tech powering your 
off-road adventures 


icycles are remarkably efficient modes of 

transport. Just look at a typical car, which 

converts petrol into motion via 
combustion: only around 20 to 25 per cent of that 
fuel will be transformed into useful kinetic 
energy, while the rest ends up as waste heat and 
pollutants. Compare that to the 90 per cent 
efficiency that a typical bike derives from the 
driving force of your legs. But just like motorised 
vehicles, a bike specialised for a Tour De 
France-style road race or cruising along a flat 
promenade, will be very different from those 
designed for a rough, off-road track. 

The rigours of off-roading —- which include 

uneven terrain, wet and slippery mud and wild 


Built for punishment 


These components allow a mountain 
bike to go where no other bike dares 





Soft tail 
Some mountain bikes have rear suspension. 

This often involves bigger springs than front : (i: 
suspension, because the shock is much - 
greater on this single spring. 





Wide tyres 
The greater width of a 
mountain bike tyre will 
improve stability when 
cornering, but the 
increased surface area 
and friction will slow 
the bike down. 











Sprockets 
The number of cogs, or 
sprockets, determines the 
number of gears a bike has 


and thus, the variety of 
terrain it can tackle. 





Lugging weight 
The knobs on a tyre, or ‘lugs’, dig into loose 
dirt and mud to provide extra grip. 
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inclines - mean that mountain bikes need to be 
much more robust than other types of bike. It’s 
easy to spot the differences when a mountain 
bike and a road bike, for example, are side by 
side. Mountain bikes will have much wider tyres 
— three or four times the width ofa road bike - 
witha more pronounced grip. The bike will 
feature front and sometimes rear suspension, 
often twice the number of gears, a thicker frame 
anda disc brake system. Even a bad cyclist ona 
road bike could outpace a person riding a 
mountain bike on flat, even terrain because road 
bikes are so much lighter and their tyres are 
smoother. But in unforgiving, off-road 
conditions, a mountain bike is in its element. 





* 


Brace for impact 
Front suspension is mandatory for 
mountain bikes. Each fork contains a 
spring and an oil-filled damper, which 

keeps the wheel in contact with the 
ground and absorbs the impact of jumps. 






















Strong frame 

Some higher-end off-roaders will forgo 
welded steel or aluminium for rectangular 
frames made of carbon fibre, which are 
stronger against up-down stresses. 


© DK; Thinkstock; Alamy 
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Many mountain bikes will be 
equipped with disc brakes 
that, like a car, contain 
hydraulic fluid that transfers 
and multiplies your squeeze 
pressure to the brake pads. 










Mountain bikes with full 
suspension are ideal for 
rough terrain, as they 
help to absorb impact 
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urking inthe depths, at Wee of 

submarines are currently patrolling the 

world’s oceans, performing a range of very 
important, and often covert, missions. These 
stealthy vessels were first widely used during 
World War I, with Germany’s U-boats 
responsible for destroying several British supply 
ships during the conflict, and have since 
changed the face of naval warfare forever. 

Always referred to as boats rather than ships, 

as a matter of naval tradition, submarines have 
come a long way since the human-powered 





' 


vessels of the past. Most modern submarines use 
either diesel-electric propulsion or nuclear 
reactors to keep them running. The former are 
equipped with diesel engines to drive the 
submarine’s propellers and charge its batteries 
while on the surface. Then, when submerged, 
those batteries power electric motors that spin 
the propellers to move it through the water. 
The need to recharge the batteries and 
replenish fuel for the engines gives these 
submarines a limited range, so many navies 
prefer nuclear-powered vessels instead. These 











In 1960, the USS Triton completed the first submerged circumnavigation of the globe in 60 days 





The unmanned Boeing 


Echo Voyager = 
boats can stay underwater for weeks at atime, 
using nuclear fission to release energy in the 
form of heat, which in turn generates steam to 
drive a turbine and spin the propellers. 

Now crucial tools for navies large and small, 
submarines transport crews all over the world; 
sneaking up on enemy ships, launching 
missiles, and gathering information while 
remaining hidden in dark, murky waters. They 
can generally be divided into two categories: 
attack submarines, which are designed to seek 
and destroy enemy ships, and ballistic missile 
submarines, which attack land-based targets. 
The US Navy currently has 72 submarines in 
active service, 54 of which are attack vessels. 

It’s not just the military that uses these clever 
underwater crafts, though. With scientists 
knowing more about outer space than they do 
about the world’s oceans, submarines are 
incredibly useful for studying marine 
environments, at depths too great for human 
divers to reach alone. 

In recent years, new unmanned underwater 
vehicles (UUVs) have begun appearing inthe 
water, capable of conducting dangerous 
missions, while human crews remain safely on 
the shore or a nearby ship. These vehicles are 
small with a limited range, but in the future they 
could replace the submarines we know today. 


‘The US Navy currently 
has 72 submarines in 
octive service’ 





HMS Astute firing 
a cruise missile 





) Powered by engines running 
_ oncompressed air, the 


French Navy’s Plongeur was) —— = 1900 





Submarines: in depth 


Major milestones in the development of underwater vessels 





Drebbel | 


The first submarine was 
invented by Dutch engineer 
Cornelius Drebbel. It was an 
enclosed wooden rowing 
boat covered with watertight 
greased leather, and had air 
tubes protruding to the 
surface to supply oxygen. 


Max depth: 
4.5 metres 


fit 


Max depth: 
Unknown 





Turtle 

The first recorded submarine 
attack was during the 
American War of 
Independence by the Turtle. It 
was used in an attempt to 
blow up the HMS Eagle, but 
the pilot was unable to attach 
the bomb to the ship’s hull. 


Max depth: 
7.5 metres 


ttt 


. 


Max depth: 
10 metres 


Hin 


Nautilus 

American inventor Robert 
Fulton’s submarine was 
driven by a hand-cranked 
propeller, but a collapsible 
mast and sail provided the 
propulsion. The sub was 
commissioned by Napoleon 
to use against the British. 


Plongeur 





the first submarine to not rely 
on human propulsion. It had a —_— 
ram and torpedo, but engine = 
problems meant the boat 

never passed the trial stage. 


Max depth: 
23 metres 





USS Holland | 4 “ 
Irish engineer John Philip @ Se ' ) ed Ihe hey! = 
Holland was the first to use —_— — — pes iiety — 


= rn Max depth: 


@f electric motors and an _- = | 
: i 213 metres | 


internal combustion engine to wz 
power an underwater vessel. © | 

His creation was purchased | 
by the US Navy and e 
influenced many designs. i 


USS Nautilus 
The first nuclear-powered submarine combined stealth and speed 
in order to revolutionise naval warfare. Constructed under the 
direction of US Navy Captain Hyman G Rickover, the 97-metre 
long USS Nautilus accomplished the first voyage under the 
geographic North Pole, and had a career spanning 25 years. 
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LIFE ON BOARD 
A SUBMARINE 


How crews survive hundreds of metres beneath the sea 





The job ofa submariner is physically, mentally out is then removed using scrubbers — devices 
and emotionally demanding, astheycanspend __ that trap the CO, insoda lime using a chemical 
months at a time living in cramped conditions, reaction. Fresh water is also created on board, as 
with only the other members of their 100-plus seawater can be heated to remove the salt, and 
crew for company. In the past, they had no then the water vapour can be cooled and 


means of communication with the outside world condensed into a drinkable liquid. 
for the entire length of their mission, but today 
email can be used to keep in touch with loved 
ones at home. 

Of course, the human body isn’t built for life 
below the waves, so keeping a crew alive 
requires some clever technology and 
engineering. To protect them from the crushing 
water pressure, the submarine features a strong 
inner hull in addition to the outer hull that gives 
the vessel its streamlined shape. 

Oxygen is supplied via pressurised tanks, or 
can be created on board by splitting seawater 
into hydrogen and oxygen using an electric 
current. The carbon dioxide the crew breathes 


How a nuclear submarine works 


Take a tour of a modern deep-sea vessel to 
discover how it powers through the depths 












Propeller 
The propellers push water backwards to generate 
thrust, propelling the submarine forward. 





Missile tubes - 


oe can be steered left, right Nuclear reactor Missiles can De lalnened Vie 
aiiaai ane : The reactor produces heat to generate hatchways in the top of the 

Mp) allel 4 OVE MS yAaeStNGRIe}POSTuonay steam, which drives a turbine that submarine, sending them flying into 

the rudders to deflect water flow. directly turns the propellers. the air ae jowardsenemny targets: 
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DSRVs were developed as a result of the USS Thresher submarine accident in 1963, when the crew was killed 


“Keeping a crew 
alive requires some 
clever technolog 
ond engineering 





HMS Ambush 
returning to its home 
Antenna port, HMNB Clyde 
Underwater communications are 
carried out using low-frequency 
Snorkel radio waves, which are able to Ballast tanks 
When surfaced, air enters penetrate the water. This compartment is 


Sound waves 
The sonar sphere emits pulses of sound 
waves that travel through the water. 


the sub through a snorkel, 
but when submerged, 
oxygen is generated on 
board the boat. 


used as a ballast to 
provide stability for the 
submarine, and works 
by controlling the 


Periscope boat’s buoyancy. 


Objects above the 
surface can be observed 
via a series of mirrors 
that reflect light down 
to the viewer’s eye. 







Calculating distance Bounce back 
By measuring the time that it When the sound waves hit 
takes for the sound wave to get an object, they reflect back 
back to the sphere, the distance towards the sonar sphere. 


between the sub and the object 
can be calculated. 























Torpedo 
Crew cabins room Control room 
Crews of around 100 Torpedoes are Navigation, 
submariners live on launched via tubes communications and 
the boat for months in the side of the weapons systems 
at a time without submarine and are operated from 
resurfacing, sleeping then travel through the submarine’s 
in cramped bunks the water towards nerve centre. 


between shifts. the enemy. 
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New recruits learning the ropes 
at the US Navy’s Basic Enlisted 
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\. TRANSPORT 


SUPERSONIC Speeding through the water 














reach the speed of sound? 
m Friction between the water and 
Ordinary 


submarine resists its motion through 


This underwater craft submarine the water, creating drag. 
could circumnavigate the Turbulent drag 
globe in just halfa day 
Moving at speed through water is very difficult, 


as liquid creates more drag than air. This means 
that you need a lot of energy to push through 










water at high speeds, and most modern Thrust Speed limit 
submarines are only p owerful enou gh to travel The submarine’s propellers To reach high velocity, lots of energy is 
generate thrust, which pushes the needed to generate an amount of 
at around 75 kilometres per hour. However, submarine through the water. thrust much greater than the drag. 
researchers at the Harbin Institute of Technology 
in China are Cove pine technology that could S ‘tati Steering Less drag 
allow submarines to travelatthespeedofsound, SUPCFCAVILATING a. amounts of the As air is much thinner and 
so around 5,400 kilometres per hour in seawater. supmarine liquid membrane can be less viscous than water, 
Their method is based on supercavitation, SAME We Geel alee ey ne ee 


submarine, enabling its the submarine down. 


which was first developed by the Soviets in the eerie ae Beer aloes 


1960s to create high-speed torpedoes during the 
Cold War. It works by creating a supercavity of air 
around the vessel, reducing drag and allowing it 
to reach much faster speeds. The Soviets 
successfully achieved this with their Shkval 
torpedo, which could reach speeds up to 370 
kilometres per hour, but it could only travel fora 
few kilometres, and couldn't be steered. 
Steering is a problem because rudders, the 
typical method of navigation underwater, 
require water to create drag, and so will not 
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Rocket motor 
Rocket motors help the 


work ina bubble of air. To overcome this, the submarine to accelerate to 
Chinese scientists have created a liquid the high speeds needed to : 

» i b d h maintain the air bubble. Cavitator 
mem pany at cee e spraye ever e . Liquid membrane Once the submarine is travelling fast 
submarine, reducing drag on one side so that it When first launched, a special liquid is enough, the cavitator ejects gas from 
can be steered in the other direction. So far, sprayed over the submarine to reduce —_— the nose with enough force to create a 
however, a method of underwater propulsion for a PUPrneancaiersie Meeren 
long-range supersonic travel has yet to be Inside the USS Bowfin torpedo room. 
developed, so their dreams of travelling from This sub has since been decommissioned 


Shanghai to San Francisco in 100 minutes are FOSS 
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Russia's Typhoon class submarines are 175m long and weigh 48,000 tons, making them the largest in the world 





SUBMARINE DRONES 


The autonomous underwater vehicles that render crews unnecessary 


Keeping crews safeandaliveatseaisariskyand | USNavy currently uses the Woods Hole 


costly business, so it’s no wonder that the Oceanographic Institution’s (WHOI) Remote 
world’s navies are already developing Environmental Monitoring UnitS (REMUS) 
unmanned underwater vehicles (UUVs)todothe vehicles for this very purpose, as each one is 
dangerous work for them. One particular area capable of doing the work of 12 human divers. 
where these underwater drones are useful is It’s not just the military that these UUVs can 
mine hunting, as they can search for and even help, as the ability to fit them with a variety of 
destroy underwater explosives while keeping cameras and sensors also makes them useful for 


the crews ofnearby ships out ofharm’sway.The = conducting scientific research. Underwater 


rip it manoeuvre aeererags a 
water, even in harsh environments. 
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that i is attached to an 1 animal eich 


as a great white shark. Pond rescue eetone Fi sea. faaliavewsjall eLoianv{cvalcer(sm komo (21-10 c0)\al 


drones can survey and monitor places that are 
incredibly difficult for humans to reach, and 
gather information about marine wildlife in 
their natural environment. For example, WHOI's 
SharkCam drone has enabled scientists to 
observe the underwater hunting behaviour of 
great white sharks for the first time, showing 
that they use the darkness at great depths to 
avoid detection before ambushing their prey. 
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THE FUTURE OF 
SUBMARINES 


What will underwater crafts look like in years to come? 


The A26 submarine will be 
62 metres long and weigh 
around 1,800 tons 













With technology advancing at speed, it will not them virtually silent and almost impossible 

be long before we find out whetherthefutureof — todetect. 

submarines is supersonic, unmanned or Per Neilson, program manager for the A26, 
something else entirely. In fact, the latter is says: “It will be much quieter, the sensors will be 
being explored by defence and security more advanced - detecting and documenting 
company Saab, and it is currently constructing everything that goes on in the sea - and there 
two new supert-stealthy Type A26 submarines will bea number of new capabilities such as the 
for the Swedish Navy. With intelligence multi-mission portal in the bow that allows for 
gathering and surveillance along coastlines the hosting of divers and small manned or 
becoming increasingly important, these unmanned vehicles. It will bea first-class 
high-tech submarines will be able to operate in intelligence-gathering platform.” The A26 sub 
Shallow waters, and also feature Genuine will dive to depths of 200 metres and carrya 
HOlistic STealth (GHOST) technology, making crew of 26. Itis due to be completed by 2022. 


GHOST sub ee 
The hull is coated in a material that 


The Swedish Navy’s new absorbs noise and makes the 
high-tech submarine that will submarine difficult to detect using 
be invisible in the water infrared cameras. 


Silent operation 
i J Rubber mountings minimise noise 





Endurance 





Next-generation, air-independent engines burn liquid from the engines and other 
oxygen and diesel fuel, and allow the submarine to stay operating machines, as well as help 
fully submerged for several weeks undetected. to absorb shocks from impacts. 


The Super Falcon Mark Il is 
the underwater equivalent 

of an airplane, able to fly 
\ through the ocean 
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The longest submarine mission lasted 1 months, and the crew spent 4,700 hours underwater 





Ah atsw-WAcmal-ioe-maal-><lanlelan 
. speed of 22 kilometres 
Reconnaissance per hour, and can stay at 
Sophisticated sensors allow for improved | sea for 45 days at a time 
intelligence gathering, which is collected 
and analysed using the onboard combat 
management system. 











Magnetic detection 
Sensors control the electric current 
flowing through the hull, cancelling out 
any distortions to the Earth’s magnetic 
field that can reveal the boat’s location. 





Modular design 

A sectional hull means 
that the submarine can 
be easily customised 
and upgraded, making it 
more cost-effective in 
the long-term. 


Multi-mission 
The sub can be easily 
customised for different 
~ missions. For example, the 
Weapons : bow can be used to launch and 
The weapons tubes can \__ retrieve either divers or UUVs. 
handle various types of : = 


Shock resistant armaments, and are flooded 

The submarine is constructed by gravity to eliminate the 

from special steels to ensure use of noisy pumps. 

that it can withstand ww 
' \ significant shocks from any 

underwater explosions. 





| Unique shape 
The hull design helps to 


_ © teduce noise caused by 
the movement of water 


around the submarine. 


ration by Alex Pang 






all, 


DY W{elasmeor- alm eX=mel=) 9) (e)\{-16| 
The A26 will be able to from the sub’s bow for 

withstand temperatures | BBSeelesiens 
down to -2°C 
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Virtual reality 


046 Drone racing 


Inside a wind turbine 
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3D without glasses 





How juicers work 
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The science 
of football 
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Harnessing the Sun 


Shrink-wrap seals 
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Holiday 2050 
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Virtual reality 
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DID YOU KNOW? Jack White has an app that plays a 360-degree video of one of his gigs when viewed using Google Cardboard 
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Predicted uses of VR by 
the year 2025 


Mate lialstsyalare 
Virtual reality can 
bring ideas to life, 
ated oyiave m=valellaletel as 
Tan) ®)ae\emualeyia 
designs before they 
enter production. 


fer Taaliare) 
Don’t just play asa 
character - be the 
character, as VR 
transports you into 
a variety of 
erelaaliare mela (ese 
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Military 
aaicclalalemvslauere) 
combat zones is 
helping to prepare 
soldiers for real-life 
military operations. 
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2.6b entertainment $4.1bn 
$3.2bn 






































Ss pace mammoration 
Next giant leap for mankind i is set 
VR helps us explore 
Ulam) wn. 


WY (exe | fore] 
From assisting 
10] ge [clo alom komuasy-iulale| 
post-traumatic 
stress disorder, VR is 
already helping to 
save lives. 
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Comfortable design 
The padded eyepiece and 
adjustable head strap enable 
you to wear the headset for 
long periods. 
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VR WORK? 


sWal-p Caimi etcimacadatsjolegicay(elu 
UAIKOMYANGUOT-TANe)a (els 


Several mobile headsets that require your 
smartphone to workare already available, butitis 
the high-end connected kits that will really show 
offwhat VR cando. The Oculus Riftand HTC Vive 
arethe current front-runners, with the former _ 3D audio aed 
already available to pre-order for around $600 eH Men cl mand cade Gene ae | 
(£425) and expected to start shipping in March. the virtual environment feel even he 
These headsets feature built-in displays, are more realistic. 
powered via a cable and require external sensor : Pads 
systems to track your movements. . ena 











= = = 
Tricking the brain 
How do VR headsets fool you into 
thinking virtual worlds are real? 


Stereoscopic display 
VR headsets use dual lenses or 
a split-screen display to put a 
slightly different image in front 
of each eye, recreating your 
normal stereoscopic vision. 


Total immersion 
The headset blocks out 
any other light, and 
headphones can be 
Wie] gpm cons) (ele aelt| 
sound, eliminating any 
distractions from the 
real world. 








. Normal vision 





Smooth footage When you see the world, each 
The VR footage needs to refresh eye records the scene froma 
at a high frame rate to avoid any Sa lfelnimelisiciesiaier|tel(=i-lnle mole] 


brain puts the two views together 
to create one 3D image. 


noticeable flickering that could 
leave you feeling nauseous. 





V? Social media giant Facebook bought Oculus Rift for $e billion (£1.3 billion) in 2014 





Openin 
the Rift’ 


How does the Oculus 
headset put you inside 
the game? 














High-resolution display 
The 5.7-inch OLED screen is taken from 
the Samsung Galaxy Note 3 and sits a 

few inches in front of your eyes. 


Motherboard 

Unlike on previous Oculus 
models, the chip that 
controls the display 
interface is built in instead 
of being located in an 
external control box. 





‘A split-screen 

display puts a slightly 
8 image In 
front of each eye” * 
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VR coasters and 
virtual cinemas 


You can already ride virtual rollercoasters using a VR 
headset - so long as you can stomach the slightly 
nauseous feelings - but one of the UK’s biggest theme 
parks is now taking things a loop further. The new 
Galactica rollercoaster at Alton Towers requires each rider 
to pop on a VR headset, making them feel as though they 
el aoMmaNdlale man aelele| ams) e-Mail (omuals\var-le oma miclelmalelaaliare, 

Fe) (olale pr-Inu -[ 01 @r-] Wi eo 41 (0) aal=itqctom ol-) am alele] 

For the adrenaline averse, there’s virtual cinema - apps 
that recreate the traditional movie theatre experience. 
PA\igeteleWar-\Vfe] | f-]9)(=m ke) anda (=m @le10) 10 low-] ale Mm Cleleye| (=m Or-] qe] eley-] cep 
they allow you to choose a seat and then enjoy the film 


WiVZ14pCelUhmr-]anvar-]alate\alaleme| sid e-load(e)ascm ge) gal ole) olere)gamaalllatelal=) ace 


That’s not all though, as film directors such as Ridley Scott 
Fe] coWo] |astole hye) cele [Ucor| ale ma nmoxe)aik=iaimmaar-1Mal||M=lat-]e) (“mele mine 
step into the films themselves. 





Galactica is the world’s 
first rollercoaster entirely 
customised for the full 
virtual reality experience 











The British Army is attracting new recruits by giving them a taster of army life using VR headsets 


LD VR 


- how can virtual reality 
mi operations? 
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The Virtusphere lets 
soldiers move freely ina 
virtual battlefield 
Vanvdiae)alaatcials 
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GOOD FOR YOUR HEALTH? 


The groundbreaking applicationsin healthcare 


Inarecent report about the growth ofvirtual and 
augmented reality, investment banking firm 
Cfo) (oh eatetawer-leletsxosiatentslncsnuatclmselcpealelvlsinavansllmels 
worth $80 billion by the year 2025. It also predicts 
that, aside from video games, healthcare will be 
(oy alexejanaten o)retexarsim=} 0) 0)b(erslule)arspioya i elenrcvelebale)(ey:ava 
Already, VRis being used to train surgeons, 
allowing them to practise complex procedures ona 
virtual patient before they get to the real thing, and 
it can even be used to conduct robotic surgeries too. 
AVCeke Veh a teats Walerslocoealelbualccromenlsjo)tcnymmelcusiebeccle)enersvel 


— 





EDUCATION 


|DJES{eC0)1(5) ae BLO) VAVA na ered al 
really bring lessons to life 


Imagine being able to visit outer space or walk 
with dinosaurs instead of just reading about them 
ina textbook. Virtual reality could transform the 
ATV MVAsLO Lo) (s\elecksbacnes ered elmbamaecnelt-tsis)cele)eeme-veleneel= 
company is already developing a library of 
experiences that can educate students of all ages. 
“Virtual reality offers anew way to viewthe 
world,” says David Whelan, CEO of Immersive VR 
| Xe Lu lersia(eyemm de) ma elwanecimalentcpewalelectsDevinvyAny neste) 
walka mile in other people’s shoes.” The Apollo 11 
experience, for example, lets you step onto the 
Moon as Neil Armstrong. “This is much more 
powerful than reading about the moon landingin 
a book,” he adds. “Virtual reality has the potential 
to revolutionise education in the same way that 
reading and writing did thousands ofyears ago.” 
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separate location. ’ 

There is also a wide ral 
which virtual reality 
directly. For exampl 


_ Surgeons can better 
plan for complex 
surgeries with a 
ae image of the 
patient’s brain 
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Virtual reality can enable students to 
experience events from history and 
Tan) eXesst=}] 0) (atl KodaYA boy | mm ©) f= (exes) 







Virtual 
treatments 


How are you using VR to treat post-traumatic 
stress disorder (PTSD)? 

One of the typical treatments for PTSD is 
prolonged exposure therapy. You ask the person to 
close their eyes and imagine the trauma that they 
went through as if it’s happening right then and 
get them to describe it to you. By doing that 
repetitively in a safe and supportive environment, 
eventually the anxiety that it provokes in them 
(ofTanlialicialcssem lewsxele|avelcm diate me) mexolUlavecla/alaelianyicwe]s 
first but there’s actually quite a lot of research to 
support this. What we do with VR is simply to 
(of=\IhVela@m dal icm e)aenvd (ele lomlaat-lellat-la(elabre)al \var-]®)°)cey-lola nial 
an immersive virtual reality simulation. 

We have developed 14 different virtual worlds 
that represent a diverse range of experiences, and 
the clinician is able to adjust them in real-time, for 
(>.¢<] an) 0) (sm ke Med aY-]ale(=mual=mulaal=me)met-\Vae) aul alagele|0lex=) 
sound effects. The patient does exactly what they 
VAV(ol0] (oe (oM | amueslo/iu(olat-]m=>.4elec10 [nom ual) g-] ©)’am oll ammal= 
(ol lTaltoltelammuatclameda(=som com anliaal(omantslian=>.40lcld(-)alexcmlamaals 
simulation to enhance the effects. 






At the University of Southern 
California’s Institute for Creative 

i K=Xe1 alate) (ole (=s-m DB) avA\ | ols) a ames) ,4] © A744) 
and his team are using virtual reality 
ike) are alelaniel=lane)mer-laat=trevar-larellare) 
clinical purposes. We spoke to him 
about their amazing work... 
















What other clinical VR projects are you 
working on? 

(OFal=w oe) ge) (=ormm om ole] (ell alem-Mlelom ni-laule\imee-lialiare 
HV Ke] pacolay olzre)e) (Mui damal(elaniielaread(olaliavem-leiuician 
- people that are very bright but have a difficult 
time with social interaction. We’ve built a 
simulation that has six different job interviewers, 
that can be set at three different levels, from a 
Yo) sum Ko) U(01 am al (ex=Ml al k=) MYA (=\1\)(2) ano Mr=Maale) Rom alescial (= 
Taeclavd(e\uiclanday- 1mm olU) mM (OlU Ml lGr-lex-t-h-i-MmelhValalemualclan 
the opportunity to practise. We’ve also made 
Vila 40 re] m eyo) a(=lal acm nat] mel homed | [al loit<]alcw-]a me) e)ele)aaelaliay, 
to essentially mess up with a digital character 
before they get to a live one. 


Are there limitations of the tech in this field? 
ON aemilanlieslacelascmalelalmare\uvmal-\Vcwact-l | \aellanlialcialce mm 
started in this game back in the early 90s, when it 
aXe L UII n=\e ircBns 4010801010 oxo) nal ol0in-\ eure] ave MVZelU Marcle Mm ol6] 1.0 
head-mounted displays with low resolution, limited 
1a =) (ee) MVAL=\ VAY Lele) amt e-Ler.4lalem-laleme)alaalidicmele-]°)al (ocr 
There was a network of people that wanted to do 
this work, but it was challenging because the 
technology really sucked. 

But now the technology has finally caught up 
with the vision. Computing power has consistently 
gotten better and faster, which is needed for good 
igclarelelalalepr-|ave me) mexel0] a-\-mua(-Mel-|patocm (alel Ou aVmarelS 
(ola hvicla rele hVé>] alexssom lame] =] e)al(ome(=\(c)(e)elan(slalmaar-lmr-lao 
fodalelare)aatzar-|eesvomual=m ligaliecma(elalmale))va-laom aac llaalies) 
fo) molel am laat-\e|lat-lu(elam-]aremaat-mielatelialemuem=\'.e)\ om ualewi= 
applications and test them in a consistent way. 


Dr Rizzo uses virtual reality simulations to 
treat post-traumatic stress disorder 





DID YOU KNOW? VR could keep astronauts from feeling homesick on long space missions by providing virtual Earth experiences 
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When designing a new product, it’s difficult to 
get asense of what the finished item will be 
like from 2D illustrations. With virtual reality, 
designers and engineers can use 3D modelling 
to create virtual prototypes ofideas, and usea 
JaXersColpaselbvaiccrementsjo)tcnacencr.c-besbbelcmuelcveemeaceye| 


VR can help visualise 
engineering designs 


allangles. For example, car manufacturers can 
sit inside the design of a new vehicle to make 
sure it looks and feels right before they build 
the real thing. Any tweaks can easily be made 
in the 3D design, rather than creating a new 
prototype from scratch. 
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interact with their 
designs in 3D 
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The Gates of Hell 


This abandoned power plant is the 
ultimate drone obstacle course 


Ready, set, go 
From the start line, the drones fly along a 
68-metre hallway before making a hard 
left turn to avoid crashing into a wall. 


The Cathedral 


After flying through the second storey, 
the drones make a vertical hairpin, diving 
onto the ground level of the Cathedral. 


The Alley 
The competitors weave in and out of iron 
beams, then take a sharp turn out of a 
window and down the outside alley. 


Turn around 
Once they have passed the back of the 
building, the drones fly around a pole and 
then back in through another window. 


The Coal Room 
At the end of the hallway, the drones 
complete a sharp vertical drop into the 
basement and pull a 180-degree turn. 


The finish line 
After two laps of the course, each 1km 
long, the drones cross the finish 
line at the end of the 
basement hallway. 





Drone racin 
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The new high-octane sport putting 
quadcopter pilots to the test 


wooping through the air at 130 kilometres 

per hour, flying through narrow hallways 

and veering around tight corners, this 
isn’t your average quadcopter flight. In the world 
of professional drone racing, pilots’ skills are 
pushed to the limits as they manoeuvre their 
flying machines around some of the toughest 
obstacle courses on Earth. 

One of the biggest tournaments of this kind is 
the Drone Racing League (DRL), a global 
competition that sees the world’s top drone pilots 
compete for prize money and, more importantly, 
world champion status. This Formula1 for drones 
features a series of races held in enormous sports 
stadiums and derelict buildings around the 
world. All of the competing pilots fly the same 


O46 


model of drone, the DRL Racer 2, in order to test 
their skills on a level playing field. In each race, 
they score points by passing checkpoints and 
finishing the course within the allotted time, and 
at the end of the heats the pilot with the most 
points is crowned the winner. 

The 2016 season is already underway, with the 
first race held in New York at a course nicknamed 
‘The Gates of Hell’. Lit by neon lights and featuring 
multiple floors, this three-dimensional racetrack 
isa true test of aerobatic skill as the pilots must fly 
their drones right, left, up and downat great 
speed. There are plenty of daring manoeuvres 
and spectacular crashes to keep the audience 
entertained and inspire the next generation of 
master pilots. 





The University of Virginia is designing g mega-turbine, with each of its blades wider than two Airbus A380 planes 


Inside a 
wind turbine 


The process of generating clean electricity 
from the power of the wind 
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ind turbines are a familiar sight on 

hilltops and coastlines, their huge 

blades turning high above the ground. 
They're tall for a reason - as wind flows over the 
land and around buildings, it’s broken into 
uneven packets of air that are too slowtoturna 
turbine’s enormous blades. To capture the 
smoothest, fastest wind, the blades need to be far 
off the ground. 

Each of the turbine’s blades shares its shape 
with bird and airplane wings - they are rounded 
on one surface and flat on the other. This design is 
called an aerofoil and gives the blade lift as it 
turns, so it can use the energy from wind more 
effectively. Inside the wind turbine’s cabin, the 


Behind the blades 


Hidden inside the sleek structure is a complex 
system that turns wind into electricity 


rotating blades are connected toan 
electric generator via a heavy-duty gearbox. “iy 
Essentially, it acts like a set of bike gears; every 
time the blades complete one rotation, a shaft on 
the other side of the gearbox rotates 30 times. The 
generator’s job then is to turn all of this kinetic- 
or moving - energy into electrical energy. 

For this it uses electromagnetic induction, 
where a moving wire ina magnetic field 
produces electricity. Ina wind turbine’s 
generator, a huge magnet surrounds a loop of 
wire connected to the gearbox’s shaft. Thanks to 
the wind, the blades rotate, spinning this wire 
up to1,800 times every minute, and generating a 
stream of electricity in the process. 
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Technician 
Highly trained 
technicians are on 
hand to ensure that 
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Anemometer the turbine is - Blades 
This measures the speed and direction running smoothly. Wind turbine blades 
of the wind and communicates Controller are typically made 
constantly with the controller. The onboard 
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Generator 
The generator is a 

coil of wire that is 

spun rapidly inside 
a huge magnet. 

_ This generates an 

* electric current. 


computer collects 
data and can switch 
the turbine off if the 
wind is fast enough to 
cause damage. 
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Yaw drive 
This can move the 
rotor toensure the | 
blades face directly 
into the wind. | 
_s 



















| Gearbox 





from fibreglass, and 
their shape allows 
them to slice through 
the air easily. 
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The gearbox steps 
up the speed of the 
rotating blades, so 
that a single 
rotation turns the 
generator 30 times. 


O47 











048 





DID YOU KNOW? There ts an app called Score! that lets you recreate classic goals from famous players by swiping your screen 






























icture it now: it’s the 2050 World Cup final. part of the rules back then - did you know, for 
Three-time winners China are facing off example, that shin pads weren't even made 
against Germany in the newly renovated compulsory by FIFA until 1990? When you 


Wembley Stadium. Around the world, millionsof | consider what has changed, the concepts above 
fans sit in their homes wearing virtual reality(VR) | don’tseemso unlikely. 
ub 1/uul = | ox headsets; they all have the best seat in the house, Recent advancements in tech like VR, camera 
right on the half-way line for kick-off. As the first systems and even kit design have meant that the 
"o n lat r rer) t tech” goal is scored, the VR viewpoint switches to that latest competitions have been the most 
of the player and suddenly millions of people are sophisticated yet. And, with more and more 


seeing the goal as the striker saw it, then as the technology being introduced at each tournament, | 
goalkeeper, then from behind the goal. Those the future of the beautiful game is likely to be one 
that couldn't get to their VR headsets watch the that is as reliant on computers and smartphones 
replay projected as a 3D hologram by their as itis on players at the top of their game. 
smartphones, and as the players run to the corner The exciting thing is that we can predict what a 
to celebrate with their fans, biometric sensors football match of the future may be like based on | 
built into their kits, or even their skin, give the the technology that has been added to the game 
Smartphones and apps , 
P team managers minute-by-minute readouts of in recent years, and advancements that are being 
martphones are now the primary 
olaalaaltlalercitelake[vaiescucelaantll lela their fitness levels. developed right now. Whether it’s simple things, 


of people, and a huge selection of It might sound far-fetched, butwhenyouthink _ likethe disappearing spray now carried by 
apps allowed for fans to show their 


; back to football matches just 20 or 30 years ago, referees, or more cutting-edge tech like cameras 
cJ0] 0) ole) a mar-] ale Me | (vol Uicsomualsl| aur )Velel eins 
teams with other fans online. it’s astonishing how far the game has come in that allow for 3D replays, read on to discover how 
sucha short time. Some of the things we take for football matches will evolve even further in the 


granted in the modern game still weren't even next few years. 


World Cup tech Nike Mercurial Superfly 


Boot technology also advanced 









The gadgets and gizmos that for the World Cup. Nike’s 
made the 2014 World Cup Mercurial Superfly boots added a 
the most advanced yet micro-textured upper that made 


— it feel like players weren’t even 
—] _ . ' wearing boots, while providing 
excellent stability. 






© Adidas; Nike; PixelSquid; Illustrations by Rebekka Hearl 
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a erating more airflow = 
y their kits. Nike’s jersey, for Portas ae 
kit features Nike’s 
a AeroSwift 
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breathability, 
stretch and fit 





NV FeTaleialia ls ie-°) ¢=\’an | q , elon 
This smart spray canbe \ | fee ee 


used by the refereeto ——-*\ |, 2 tay ae ome he 
mark free kick lines. Itis ~ 1 
aarele(sMUloM aatessanhVme)in\-10-) | — ; 

and butane gas, which | - Goal-line tech 
expands when sprayed ike) aes . ; The 2014 World Cup was the first to 
ke)a nal o)0)0)0)(-\-mm Mala) bul i “4 use goal-line technology. Seven 


collapse after arounda’ | cameras at different angles 


raalialeiiovm (=t-hVd ale me) al AV water 
on the pitch. 





accurately track the ball, and notify 
the referee if it crosses the line. 











; RAI N j NG i EFAMS Individual aspects of a player’s 
OF TH F FUTU RE game can be closely analysed 


The techniques that will take footballers to the next level 


While many of the advancements in the sport New technology, like the Adidas MiCoach 
over the next few years will certainly bein the smart ball, now allows training sessions to be 
stadium, onthe pitchandinthe homes offans, tracked more closely, andindividualaspectsof help give more insight into how the player is 





some of the biggest changes willactuallyoccur a footballer’s game to be closely analysed on performing. The information feeds straight into 
away from the cameras. Training sessions are the training field. Sensors built into the ball asmartphone app via Bluetooth, so players and 
being transformed as coaches learnmoreabout present data about each kick-forexample,you coaches can instantly see how to get more curl 
how athletes’ bodies work, as are the ways in can see how hard a shot was struck, follow the ona free kick, generate more kicking power, or 


which players prepare for their next bigmatch. __ flight trajectory, and reveal impact points to take better penalties. 


mee NI 
















Virtual reality ai 
ideelialiale Add to watcniis! 


Players are using VR systems 
to:improve without even 
FeAl ave com anion (-¥-Maale iyo (= 
Vas, Anciworon’: re — e\wer 
You Answered Worrect answet Cameras everywhere 
The system uses cameras 
Players watch scenarios unfold, around the pitch and combines 
and are then asked a question images with data about 
about the best course of action to Ze Press @ to continue players’ physiques to recreate 
work out how they think in-game. parts of the game in 3D. 











The test 























Training the future 
The system can be used on players 
as young as 12, and coaches can 
explain why they should have 
played a certain option afterwards. 
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Does it feel real? 
Currently the graphics look like a 
FIFA game from a few years ago, 
but as computers get more 
powerful it will look more realistic. 






Speed is key 
Choosing the right pass is 
important, but the speed of the 
choice is also analysed to improve 
how quickly players react. 
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Patents filed by major tech companies like Apple show ideas for smartwatch bands that analyse sweat 


Coaches are also focusing on how to get more 
from the players physically, and modern tech is 
helping to prolong the fitness of top 
professionals. In the 2014 World Cup, for 
example, the England team had coolers filled 
with drinks, each one tailored to a specific 
player’s needs. Exercise scientists, coaches and 
nutritionists worked together with experts from 
a university to create drinks customised for 
each player, with different electrolytes 
depending on the amount of fluid that each 
player lost during the match. In future, kits will 
likely include sensors that can accurately track 
a player’s physical state, from their temperature 



















to their pulse, and tailored drinks could be 
made up by machines on the side of the pitch to 
give them what they need to perform. 

Training sessions are no longer just a place to 
work on your own game, but to study the 
opponents’ too. Tablet computers are regularly 
provided to players, which contain notes and 
videos on specific members of the opposition 
team. In the future, VR systems may allow 
players to relive moments in virtual 
environments to study the movements of 
opposition players. Technology will, 
undoubtedly, improve the quality of football in 
the next few years, as well as the way we watch. 
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the Viper Pod to track a player’s 
movement and body status 
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GETTING A 
DRONE’S-EYE VIEW 


As drone technology gets smaller and 
cheaper, we may well see them buzzing 
(o)V{=1 am a(= Ws 0) i nel nM Mat=M [pal ele)a-|armmualialem aisles 


The next-ge ah sca © isforthed b Tene 
hy a fieent |. ; is for the drones to be so small and light 
ye lel (Ula ee “as : © YY a Lighting made smarter Po). that, if the ball struck them, they 


LEDs now make lighting more efficient, ~~ . . Se ’ . 
«What new tech will soon és as r ae am NVCol0] (e/a meval-lale (ol ecm ug-|[ccerke)aVme) me(=1i (-\or! - 


4 ' but balloons carrying special coloured mCoy lac na\-Merey-] Melman elaale) (= 
- = Peis” ’ . 
Se pee Me the pitch © " “Al eee =«bulbs could create a more ambient . 


natural light that would make evening 
games more comfortable to watch. 
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i SE TENS ESE BOTS Lie a 1) DAR is ayy nl AME TS APM OEIT Gal ey d 
mange os ara | ae eae ee , 
: be viet aa t e “ee * ~Flying cameras 
J Personalised ads a ae ide Y t ‘ we wal 2 8 ™ ~While drones are currently large and 
. bP easily damaged, soon the technology 
will be so small that tiny cameras could 
fly above the game, following players 
without disrupting the match. 
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If augmented reality becomes 
L. more commonplace, fans could 
"bad al start seeing personalised 
[ advertising while they watch the / am jes) ey eg ’ 
* game, showing products they hp” ‘are i all o,f Nod Px FSP RI, he et eee ae co ae 
| are actually interested in. err mr eS! eR NT My ey Re AP a pret al ad OS b- 
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Tiny drones could even be piloted by 
fans wanting to watch on their phones 
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oes “LETS SEE THAT 
. Pa 2 a ‘—— Xe7+\ | ie IN 3D” 

ay; The FreeD system currently used in NBA 
¢ -_ . uses a series of cameras to capture a 

- . * moment from every angle. Software 


? Sums J0] 0)(=101m-] a(6 Mol gcv-]02¥-C] Dm 0) (e110 /a=Me)mual= 
scene - before the action completes. 


Ae to AT are : ete 
ve ... | -_«= combines these viewpoints and creates 
= i Ye hs ‘es ‘3D pixels’ to draw a view of the event in 
4, y w a ‘ -? 3D space. The footage plays, then pauses 
aN 4 . he .* - allowing the camera to spin around the 
oe ] 


Player-worn cameras 
As technology advances, it will 
be easier for cameras to be 
included in kits, so fans can 
relive goals from the point of 
view of the scorer. 


t The camera system freezes the action 
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THE TECH- DRIVEN FAN EXPERIENCE 


How new advancements will change the way we watch the game 


For the moment, there reallyisn’tanythinglike thatrecords video for VR playback.Soon,these §crowd,andasurround-sound headset that 


sitting in the stands with tens of thousands of may be used to broadcast games live to VR records the sound from inside the stadium, and 
fans as you cheer for your favourite team. devices around the world, which would allow you'd be experiencing something close to what 
However, in the future, things could be very you to slip on a headset and watch the game as the fans with tickets see and hear. 

different. While currently fans pay a premium if you were sitting in the stadium. Even better, with multiple camera rigs 

KOM cl neem mex-bealcmmcroleyemmelcnvasstchymeler-leecrsis) le) (omnes) Combine these visuals with a specially around the stadium you could change your seat 
everyone via the power of VR. Special camera designed seat that vibrates alongside the throughout the game, so you're always behind 
set-ups can now film a full, 360-degree view (hat Dalnbalcpmedaler-vebelme) aplolelracin-besle)eermeymnere the goal when your team scores. This 
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The smallest camera-carrying drone measures less than four centimetres across and can stream 4e2o0p video 


Smart camera systems 
Much like the goal-line system, 
cameras may be positioned 

around the stadium to help 

referees make decisions about 
penalties and other key 

moments in the match. 


Maintaining 

the surface 

Sensors will soon be built into 
'*'= pitches to monitor the 

hardness and wetness of the 

surface, as well as the player 

and ball position. 


Live data 

The big screens in stadia 
currently show replays of 
goals and display team 
information, but this 
could be taken further 
had af on with live stats or other 
= Tea ge a ‘ara Sere Ta A W facts about the game. 







Pitch-level cameras 
There may soon be cameras that rise out of 
| the pitch to track the action from ground level. 
Sensors would allow them to retract 
- ———— a r automatically if players are nearby. 


' Augmented reality 
VR might help fans at home to feel like 
they’re in the stadium, but augmented 
reality could also allow fans watching 
live to see stats and replays on special 
glasses while watching the game. 


ae 
Tan 


experience may bea few years away, but it’s an 
exciting prospect. Something that will likely 
happen a little sooner, though, is the addition 
of detailed player stats for fans, both at home 
and in the stadium. As sensors like the Viper 
Pod become smaller and more common, fans 
(ec hemexeyanher-Baoma elm el-vaievasst-belaccmemmelee 
favourite stars and cheer on the players who 
are reaching exhaustion, as well as make 
suggestions for how to change formations or 
make substitutions based on performance. 





Sofa fans will'soon get the same 
experience as those inside the stadium, 
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Sensors 
become more 
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DID YOU KNOW? The International Football Association Board is going to trial using video replay assistance in the 2017/18 season 
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9 TECHNOLOGY 


3D without glasses 


Throw away those tired old specs and immerse yourself 


jhe ie} Dpasloyva(cx-lmelevesl= 


ith more and more 3D content 

heading our way, 3D TVs are the 

latest must-have in home 
entertainment. However, there’s one big 
disadvantage; most people don’t want to weara 
pair of chunky 3D glasses while sitting in their 
living room. Unfortunately, without the glasses, 
the picture is just a blur, as they are needed to 
filter the light that reaches the viewer’s eyes so 
that each one sees a different image. 

Now though, TV manufacturers are 

experimenting with glasses-free 3D, which 


2D viewing 








3D viewing 


cone hasan N 





Parallax 

barrier 

yAWek=la\=\iicrelelalare) voters 

evenly spaced viewing 
ve each eye seeing 


vertical slits directs 
the light from 
certain pixels into 
either the viewer’s 
left or right eye. 
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uses a technique known as autostereoscopy. A 
parallax barrier is placed in front of the screen 
to direct a different image to each of the 
viewer's eyes. For 2D content, the barrier can be 
deactivated, but at the touch ofa button the 
picture can be made to jump out at you on the 
sofa. Normally for this to work, the viewer 
would need to sit in a ‘sweet spot’ directly in 
front of the screen, but software can be used to 
form strips of images, creating additional 
viewing points, so multiple people can enjoy 
the 3D action together. 


a 


Flat image 

In 2D mode, light 

li ce)pal-]|meymaalcwe)><elhs 
on the screen travel 
straight to the 
viewer, So each eye 
sees the same view. 








Yea 





a different picture, 
the illusion of depth is 
created in the brain, 
and so the viewer 
sees a 3D image. 


How juicers 
work 


SWalcpacts(eleveetccusetclmestal 
turn the contents of your 
fruit bowl into a 
refreshing drink 


here are a few different types of 
juicer you can buy for your kitchen. 
Some use a corkscrew-like device to 
squeeze the juice from the fruit, but the most 
common are centrifugal juicers, which work 
dabaelvrcdansjoynepenberce 

UVP otsyoudelemeqeblmtcyojetsvelcremaebaelecdemmelsmccicrel 
tube at the top, it falls into a basket, which 
acts as a centrifuge. A centrifuge is any 
machine that spins its contents in one 
(Loyal abelocelersnepeacteim (eyepe-vacommelcme)alcrcmrelenelemeel 
juicers can spin at over 97 kilometres per 
hour. An electric motor spins the basket, 
which has a grater at the bottom to chop the 
fruit into smaller pieces. 

As the fruit spins, inertia and centrifugal 
force push it up against the basket wall, 
which features lots of tiny little holes. The 
SJe)babavnatewonela(eyewceyaecrnnelcmelepeslomeneysemael= 
fruit though these holes, and it collects in the 
juice container, ready to drink. Meanwhile, 
idalswacvestsbeepbetcmolodlomicmieyaacromeler-seremen(-) muel= 
edges of the basket, where it falls into a waste 
container, ready to be thrown away. 
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DID YOU KNOW? Asolar power project started by American rapper Akon provides electricity to 14 African countries 





Harnessing the Sun 


How vast solar power towers generate electricity 





hen light hits a solar panel, it 
generates an electrical current 
by nudging electrons away 
from their atoms, but solar power towers 
are different. These harness the heat of 
the Sun. 

Power towers sit at the centre of rings of 
angled mirrors, or ‘heliostats’, which track 
the Sun asit passes across the sky. They 
reflect the light, focusing it all onto the 





Molten salt 
A variety of fluids 
were tested, 


Inside a power tower 


The key to harnessing the 
Sun’s power lies inside a 


raL=1a'(0) gf @0) im 0)| 0l=3-5 . 
ae Cooling tower 


The fluid is cooled and 
cycled back through 
the power tower. 


ncluding water, 


air and oil, but 


molten salt seems 


to work best. 


tower. Inside, fluid (originally water, but 
now more often molten nitrate salt), heats 
up under the intense light. The heated 
liquid is used to generate steam, which in 
turn is used to drive a turbine. 

This ingenious way of collecting solar 
energy allows heat to be stored even 
when the Sun goes down, providing a 
supply of electricity that can be used 
overnight and on cloudy days. Solar 
power towers aren't without their 
problems, though. The mirrors 
concentrate the Sun’s energy to such 
intensities that wildlife entering the ring 
is in serious danger. Crescent Dunes Solar 
Energy Project in Nevada reportedly 
vaporised over 100 birds in just six hours. 
However, when compared to the 
eyenvsbaevavestsvelecUmersvet-bxomeclorsicvemenys 
coal-fired power plants, these towers still 
come out on top. 


Shrink-wrap seals 


How does plastic cling so tightly to products? 





ababelicnvaccloneeelnes(encanielsjewelcrclmts 
applied, forming asecure seal around 


food products as they travel to and from 
our supermarkets. The secret behind the stick is 


joe) hae els) este Loyatem enle)(crabl (acpest-lo(enblenevasvestsUelaye 





Generator 

The spinning turbine 
is attached toa 
generator, which 
produces electricity. 


Turbine 

The heat is used 
to generate 
steam, which 
drives a turbine. 


The packaging 
process 


Sealing food packets in plastic 
is surprisingly simple 


units joined together. Before the wrap has been 


shrunk, these molecules are stretched out, 

io) waavearewalarclemor-ve-NCcmoleparel (acm elcvewelcr-lmts 

applied, they curl up, knotting together and 

SJohabelcebarexeloysenenaclenionyey eo macalm 
WMel-peslolsimececbesleyemest-lncar-l bio acjebapelansrsle 


used to be polyvinyl chloride (PVC), but itis quite 


sensitive to changes in temperature. When it 
gets hot, it hardens. The newer plastic, 
JoXe) aro) l=yabeptspenlelelebesleyacucir-le)(cme)evanelca 
wrapping machines coat products in plastic, 
loX-v(o)cemabuevavbalcauatcveommenqeordou-Walcr-icclomaepalersy| 
to shrink the covering down to size. 







Heliostats 
Angled mirrors 
reflect sunlight onto 
the central tower. 


Steel pipes 

A network of steel 
pipes carries fluid 
into the tower, and 
out to the turbines. 





Products 

meyeye 
products are 
luge] ass ele) ancte me) a 
either boards 
or trays. 


2 i Vieleyeyiare) Sealing 
The products At this 
are encased in stage, the 
plastic wrap, 

(oxe)Vic) alae mu atomne)®) 
and bottom edges. 


liaatelele/ am ima is 
still loose. 


plastic is sealed, 


lala lale 

tunnel 
Taksiie(omuat=movalalal 
tunnel, the plastic is 
heated and polymer 
chains curl up. 





Collector tower 
The tower is covered in 


paint designed to absorb as 
much sunlight as possible. 


wmh.. 
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1a fel ala ha keMor-] ays) 
© _ bottles from factory 
to supermarket 


Loreto) Tale mrcin 
The plastic is 
1d at=la merece) (=\e Mo) Vani] a\oe 
which sets the 
(ol ave] acm ialeomealey ia 
new positions. 


a Matomcialaelal.ccval 


elare| 





a laleiarece| 
product 


plastic fits snugly 
re] col0) ale mu atom e)gelelU loin 
ready for shipping. 


057 


(OM Watbaliesinerel te 











\ 4 TECHNOLOGY 


y 
J » 
. §& S »~ s 
; N i ‘ ss My es 
. . | xX r A »~ 
mF «zz ri BFA } 
, . | - | Bw . 
N N S N \ N ‘ N Yaa N = 
\ a \ \ " \ a = : 
\ \ j Z AS N = SN Sat 
SS = . | | 
\ \ » = : _ Ss Ss 
S 4 , Sa) 
~. Sas | - 
OS oo 
m:..!.vUCU , XX 
mF iC \ } . . 
— 
XY ie. : N : SN N S 
+ : . Mw S \ : 
2 N ; : 
a 


Dat 


\. stil —— 2 
i | | Y 
ON " | = as FF, : : y CHOOSE OUR 


MODE OF 
oe elas 


* 
Sa QQnnnopyy 


oF ee 





/ Dassault Systémes’ concept for a 
flying cruise liner 


The Spike S-512 jet will mirror the 
io} of=1=10 0) mm Oe) glexe) gel =) 


t’s2050 and taking a vacation is easier than ever, director of hotels, predicted back in 2016: “In ten years’ 

thanks to the latest technological breakthroughs. time a traveller will be able to take a virtual reality walk 

Over the next few pages, we'll guide you through through the hotel he is planning to book in real-time.” 
every step of your trip, from planning and booking, to The stress of travelling is long gone and getting to your 
travelling and making the most of your stay. destination is almost as enjoyable as the holiday itself. 

Some of the tech involved might seem unbelievable, In 2016, Melissa Weigel from design studio Moment Avoid the airport altogether by 
but all of it wasin fact already real, orindevelopment,in  Factorysaid: “Inthe near future, airports will bean faking yur EA Uys Cal 
the year 2016. Take the process of booking your trip, for intrinsic part of the holiday experience.” Since then, ) 
example. You may have been using websites to find the automated check-in and speedy security scanning has 
best deals, but now you don’t need to enter your made boarding your flight a breeze. 
information, as online travel agents already know your Holiday destinations have also changed a great deal, 
preferences. Gareth Williams, CEO and co-founder of as futurist Daniel Burrus predicted: “Relatively 
travel company Skyscanner, said: “Travel search and affordable trips in low Earth orbit that enable you to 
booking will be as easy as buying a book on Amazon.” experience a few minutes of weightlessness willhappen | , 

There’s no longer any guesswork involved in picking very soon.” With spaceflight commonplace, we've now ae stele a cel ene raat 

| features an indoor pool 
your destination either, as Nik Gupter, Skyscanner’s got our sights on the Moon and Mars. : 
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© Zaha Hadid Architects/Bloom+Voss Shipyards/Moka-Studio 





Disney's Revel interface can convey the feel of rough terrain as you slide your fingers across g map 





BOOKING YOUR HOLIDAY 


Get the VIP treatment from the off 


Choose a 
destination 

Social media and 
online retailers use 
members’ profiles to 
monitor activity and 
alter the content they 
see. Travel brands now 
operate in a similar 
way, logging your likes 
and dislikes, while 
facial coding 
algorithms, as 
developed by Affectiva, 
enable search engines 
to read human 
expressions and gauge 
how happy you are 
with the results. 






















Use an e-agent 

You can rent an artificially 
intelligent e-agent from 
your local travel company 
to help plan your trip. The 
tech is similar to JIBO - the 
personal assistant released 
in 2015 that uses two 
hi-res cameras to 
recognise faces and 
algorithms to learn your 
preferences and adapt. | 








Book with ease 
While apps like 
Expedia enabled 2016 
holidaymakers to 
arrange most aspects 
of their trip, 2050 
takes the tech a step 
further. You can use a 
one-stop app to book 
your flights, hotel and 
holiday activities with 
a couple of taps of 
your smartwatch. 
Even transport to the 
airport will be taken 
care of. 


Take a virtual vacation 

VR headsets enable you to try before you buy. By using dual lenses with a 
slightly different image in front of each eye, it recreates your normal 
stereoscopic vision and fools your brain into thinking virtual worlds are 
real. Disney’s Revel system, developed in 2012, uses electrical signals to 
create the feeling of touch. 
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Your journey will fly by as 
you explore the onboard 
entertainment options 


Instead of waiting around at the gate, youare 
free to explore the airport’s rooftop gardens, 
art exhibitions and shops at your leisure, safe 
in the knowledge that a 3D holographic 
assistant will appear to tell you when the plane 
is boarding. 

Holograms have been around since the 
development of lasers in the 1960s, but recent 
advancements in technology mean they’re 
now much more impressive. They used to be 
created by splitting a laser beam in two and 
directing each beam towards an object using 
mirrors. The beams were then reflected off 
the object and at the point where they 
recombined, a still hologram of the original 
object formed. In recent years, we’ve mastered 
moving holographic images, resulting in 
ultra-realistic 3D content for entertainment 
and practical uses. 

When it’s time to stroll onto the plane, you'll 
find that the Airbus Concept Cabin has become | 
reality, and you're no longer confined to your 
own seat. First class and economy have been 
replaced with zones tailored to your different 
needs, whether you want to relax, mingle with 
other passengers or play some games. 


CONCEPT) | >. | 
Relaxing ‘ee, Private pods 


atmosphere wad --) 7 Pop-up rooms allow you to 
Vi forel tlt) p le) i mr=] ce) aatelowsl ale! , Mi ne) (eM olUKs) alscsom pala\ciel aleicy 
(eT=vala(omcxel 0 alekcwal| uals . @ 1 tae! have a romantic meal or 


aircraft cabin to help ease you ace read the kids a bedtime 


: : : Talwokk= el=t-) okj[={=] op story on the flight. 
AWer-] ola meses muvian 


zones for work, 
rest and play 






















Immersive 

entertainment 

Practise your tennis or golf 

lm dal-Mvilan0l-]mer-laaliarem\cll 

or put on a VR headset to 

be transported toa 

cinematic world. | : |. tn £. 


Interactive window displays provide 
Taleslactoaul aren (avxe)apat-la(olam-]oleleimual-mu(e\ 


Self-cleaning 

DYia ma) eye) i(=lalmexey-) a ales 
Tals} e)igsvem e\ymar-lelacmolalsiel a=) 
the aircraft’s fittings and 
furnishings are kept in 
(eToreye mere) ave lia (olan 


Panoramic views 
With the wave of a hand, 
= the aircraft wall becomes 
transparent, offering a 
| spectacular view of the 
outside world. 





DID YOU KNOW? Self-service kiosks at Incheon airport in South Koreag allow a three-minute check-in for eight major airlines 
















YOU HAVE Wael | 
REACHED YOUR "222 
DESTINATION 


the lights automatically 
switch on and the coffee 
The smart hotel room will 
ensure the stress-free 





yiirela Mm aaligne)s | 
As you get ready for the 
day, the local weather, 
news stories and your 

Ta atell oie] com ©) ce) (ster nave] 

over your reflection. 


Future hotel 
rooms 


The intuitive tech-fillee== 
_— rooms that will provide a 
home away from home 






raatelelaliatcmvidallacm lalnems(eid (ean 





=):4 01s) O(S) ale om ee) alae elelors Touchscreen control 

| yAWexs! aug] lal k=) e-(e1dhVom alUlo mel hssomvZelU ere) alnge)| 
Once you've steppe doffthe plane and = | = oNV(=) are] | MI alk) a ala) terexe) al alsvoa tse ma] ©) elit] alexstomne) 

| > fully customise the temperature, 










swiftly passed through immigration with > 
your biometric card, you will find another 
driverless taxi waiting to take you to your 
hotel. Instead of having to pick up your | 
room key at the check-in desk, you can 
proceed straight to your room and unlock 
it using your smartphone, a system that 
was adopted early by Hilton and Marriott 
hotel chains. 

Your bags are delivered to your door bya 
robot butler, such as Botlr, the droid 
employed by Aloft Hotels at their 
Californian establishments. He can be 
summoned via an app to bring you any 
‘lleies you may have forgotten to pack, or ae arietio cata 
deliver a tasty snack to help you refuel after Keep your personal 
your long journey. _ possessions secure in | ~ 

Just as everything in your own home is a . ok neti 
connected to the internet, all of your hotel fingerprint or retina. 
room’s appliances are smart and intuitive 
colon Colo merbeMcarccsemele)cey-(omieloemeleyest= 
temperature preferences to the room's Nest 


nelpalcelinvar-]aemi(ejaldlavemiamcele| a cele)aam 
Keyless entry 

~, AW) (e Moi a\=\o1,cllatom ohvae(e)ial reyelellare] 

ele] am. (=\Vmcexole (=e) nl koMye)0] mm e)ale)at=e-lale 

Xor-]ayallate Mims] @nycele au ave) a=) aele)pame (ele) a 








Coleco) moleia(sts 

Your luggage, room service, 
— freshtowelsandmoreare 
delivered by arobot that you FF 
Core] ase lanlaave)ayt-i-]0-] 9) oF 
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thermostat, and display family photos on — i a 
the digital wall displays, to help you feel ‘ 
really at home. . 4 

A good night’s rest is guaranteed as the : f i a 
Sleep Number x12 bed features sensors that ; a |. | 
monitor your sleep, ensuring the alarm i? ae charging 
clock gently wakes you at the optimum “=~2aa \ Forget to bring your phone 
time, and can tilt the pillows to stop your VR headset AS charger or plug adapter? 


Get a taster of local attractions 
by paying a virtual visit via the 
VR headset in your room. 


Don’t worry, there’s an 
Tate [UCeaanv=Mesat-]ae()au ole limmialne) 
the bedside unit. 


LY EXIST 


The jumbo 


partner snoring. All of this tech already 
existed as of 2016, but has since been 
adopted by hotels throughout the world. 


WEIRD HOTELS THAT ACTUAL 








The frozen hotel The salt palace __ 





© ICEHOTEL/Paulina Holmgren 





NV/FeYo(oMelaliias) \Vaigelan 
‘snice’ - a mixture of 
snow and ice - the 
Icehotel in Sweden melts 
amearsecielaalaatclar-lacem ts 
rebuilt every winter, with 
oroarciu aU oruie)amir-] diaremielcis 
six weeks. Temperatures 
inside the hotel are 
between -5 and -7 


| degrees Celsius. 


% : the world’s largest salt 


flats in Bolivia, the 


- Palacio de Sal has been 





Mle imeciareKel-Maaliiitele 


blocks of salt and 
features 16 rooms, a spa 
Vale m-mele) | mexele| g-iou 
Everything from the walls 
to the beds is made 
entirely from salt. 


"fe Molor-1k-\e Re) amual=M=\e(e(oMe) i a 





experience 

If you haven’t had enough 
of airplanes by the time 
WielUm (=¥-\Vemuaoweli a ele) am 
then Jumbo Stay will let 
you dwell in one too. The 
(oroyanVcla kale I L-WeYA0LON Ulan ete) 
jet is grounded near 
yAVarelalero WAN a ele)ammia| 
Sweden and features 
(o)V{=] ao] ON cole) galse 
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At the spaceport |! aol 


Catch a space plane into orbit from your local spaceflight hub DYUr-meomaat-Wallelatsmaisi 
involved with rocket 
vehicles, spaceports are 
located away from 

PANT gj oy (er=) densely populated areas. 

» Space plane operations —— — —_ 

~ are conducted in = : , _ a > — 

' segregated special-use ——T, ee — . \ 7! eS 

airspace, away from 
normal air traffic routes. 


World View’s helium- 
filled balloon will float a 
ay Ee 3 X a os capsule full of space 
ee “a  £ a | | i aera, | : 4 «, tourists to the edge 
a — =a (= ae ‘. of space 


Spaceflight operators | | _ , 
Moyesmo)mellai-csialmexe)aalants\aetre] ~ Refuelling 
spaceflight companies operate RYored <c1mevalellatstomalcVeen eelaa miele) 
from the same spaceport, so a a-\aaallarel| elUiiteliare re] ale re s{ol0 | gex=Melmme).a\.e[=)a Mr-lale 
number of different vehicles ' Not just for check-in and different types are needed for 
are catered for. shopping, the terminal also different spacecrafts. 
hosts astronaut training 
| facilities to prepare 

Runway passengers for their flight. 

Space planes like Virgin 

Galactic’s SpaceShipTwo need 

re ColaremaUla\wr-\Van ke) au ale) ay4e) ait] 


take-off and landing. =~, 


> 






oY ee ) ff 
#, ‘ Ms 
2 : Oe 
oe fu 7 a 
ae Bs Se & i 
¥ eh, 4 


at's literally out of this world 


If you really want to escape fromitall,thenhow _ force you back into your seat and you'll 


about leaving the planet altogether? Space experience over 3 g for 150 seconds and 
tourism is a billion dollar market in 2050 and then the booster engine will cut offas Blue Origin first 

r 1 : Farin aithh Bl Thcrarae Th | rT {21a mCor-] Naa relare (sven! 
there are several companies offering trips.Blue youglideinto space. The capsule wi peostemini2o15: 
Origin, the company setup byAmazonfounder _ separate from the booster, and from the paving the way for 
Jeff Bezos, can offer you breathtaking views serene silence will come the signal to reusable rockets 
from its New Shepard spacecraft as you soar release your harness. 
over 100 kilometres above Earth. As you float out of your seat and marvel 


You'll need to arrive at the desert launch site at the weightless freedom, you'll forget 
in West Texas two days before your flightso you _that you're travelling faster than Mach 3 
can begin your astronaut training. You'll — three times the speed of sound - and stare 


receive mission and vehicle overviews, back at Earth out of the capsule window. 
in-depth safety briefings and instructions on Before descent, you will return to your seat to 
how to move ina weightless environment. strap in for re-entry. Forces of over 5 g will push 
When the morning of your flight arrives, it’s against you before the parachutes deploy and 
time to scale the steps of the launch tower and thrusters fire, reducing your speed as you 
climb through the hatch of the capsule, which gently float back to Earth. Once you've landed, 
sits on top of an18-metre tall rocket. just miles from where you launched, you can go 

Once you're strapped in and have received and collect the complimentary souvenirs of 
final clearance for launch, the countdown to your thrilling trip. That’s right; novelty 


lift-off will begin. The extreme acceleration will keyrings still exist in 2050. 
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DID YOU KNOW? The first space tourist was US multimillionaire Dennis Tito, who paid $20m to spend eight days on the ISS In 2001 






ae 
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le 
Back in 2016, the closest thing toanunderwater _ in2016, its doors are open in Dubai in 2050. 
suite was the five-star Atlantis, The Palm, in Once you arrive by boat or helicopter from the 
Dubai. The floor-to-ceiling views of a colossal shore, you can relax in your room and watch the 
aquarium created such a spectacular illusion marine critters swim by, or sign up fora diving 
that celebs like Kim Kardashian were willingto course to get even closer to the action. You don’t 
splash the cash to stay there. even need to go back up to the surface in order 

But while a fully-fledged underwater haven to get in the water, as there’s sea access direct 
like the Water Discus Hotel was just a concept from the underwater disc. 





Underwater suites at The Palm, Dubai, 
offer views of 65,000 marine animals 


Upper disc 
| Located five to seven 
| metres above the water, 





vy this disc features a 
The ater cee eae a \Vilaalaaliare 
Discus | foxeye) Pmel-]ae(=lam-laremal=y{|ey-leR 


Get up close with marine 
life in Dubai’s ocean hotel 







a - 


a 


a 









MLA eS 


View to the sky 

A wide shaft with a view of 
the sky helps to minimise 
re] a\ Ves fe] Uhs} 40) 0) ale) 0) (om izi=) [Ta lehs 
WelUm ante \ mateo Ulave(slanrclncl a 


Sturdy structure 
Pd arsmaion (-lae(oue | recmeym tare 
ji gU(o1 00] coW-] coW-] alo gle)a=ve muon tala) 
' seabed by four legs, and 
joined by a vertical shaft 
containing a lift and stairway. 


Remote-controlled cameras = | 
Ulate(=laiVeciuclmncclalerstomexelUlle)ercromnuian iro a aes a ah 
fore] a als) t= KoMers] am ol=Me) el=)e-1h-10 mi gelanmlarci(e(= ism. Tie aes. 
the hotel, giving you an even closer view . 


(o) AY(olUl am ant-lalaiomelagelelatellare |e : 
Underwater disc 


t.- _§ i- 4 a Submerged around ten 
=~ = ae | a ~eo. 2 ee metres below sea level, this 
" Safety first mike Bi vay F | *. disc features 21 hotel 
J The underwater disc ee © a a’ | s-Ny ; rooms, an underwater dive 
will automatically float to ges centre and a bar. 

» ~ the surface in the event / 
wee of anemergency, suchas , a. r Ya | 
& anearthquake. fae Underwater airlock 

—a os | ~ |) oe » Divers can go straight out into the ocean 

| Fe shel from the underwater disc, which is 

equipped with a decompression chamber. 
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Canada’s 
Spotted Lake 
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Illustration by Tobias Roetsch 
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FROM SUPERVOLCANOES ike NUCLEAR 
WINTERS, THE SCIENTIFIC THEORIES IN 


ANGER OF BECOMING REALITY 








| 





DID YOU KNOW? Many experts believe that the supervolcano beneath Yellowstone National Park is long overdue an eruption 








A SUPERVOLCANO BLOWS 


Acataclysmic eruption plunges the planet into a brutal volcanic winter 


upervolcanoes are the leviathans of 

volcanism. Defined by their ability to 

lo)ETSimasleyacnmet-bemmeleroneeleylencebleyescinass 
(240 cubic miles) of material into the air, they are 
a thousand times larger than the 1980 Mount 
Saint Helens eruption - the most destructive 
sV(0) (ors ba bens) aul ola leveMbemacee)ace(creM OM eNtiKe ars 

Geologists have never witnessed a 

10h ole) ato) (er Dav (ensyavgelm(ejemmelelmenialele)cenetea-te 
remnants of previous cataclysms, they can piece 
together alarming details. These eruptions rain 


PANS] aed (ol fe) 
Suspended ash blocks the 
Sun for several weeks and 
F)| i=] (an g-) we Come (ator (Ulellavepr-l(e iL: 
to the region - is disrupted. 


Increased cloud 
formation 
Sulphate aerosols also act 
Fsowos (olUle Moxe)ave(=aict-1u(e)a| 
ale ea(=) P= avexel0]@-le lave munl(onccig 
(oi (olULe mxe)anar-lu(elam-laemivlannicie 
e) (olor diate meymcielaliie|aie 


Stratospheric 
WW releaaliace) 
Tatexeyanyiare mote lal ite] avers) 
reflected and absorbed, 
Vela gallate mual=me)e)elclg 
atmosphere and affecting 
ll mel[qeiel t-la(e)am-lare| 
weather patterns. 


‘oy {e) at=me(=)e)(=1u(olp 
(inl fo)alal=em o)nelanliat=w-lalemelua=\e 
aerosols interfere with 
atmospheric chemistry, 
rel aoxole] gle] [ave me(s)e) (o1ule lane) 
the ozone layer. 


“A veil of 


pAX =) goy-te) AYC=1) 
Sulphate particles disperse 
AVA Le (=) \VAm 8) Color diate mcielalicelays 
for years and causing 
surface temperatures 
coo) (Ulanlanicie 






sulphate gerosols “ 
would.trigger a 
volconic winter” 


s \VKolU Taam -lanlole) eek) 
fore) (osstct=] More] (e(=\e- Mime) .dnam cory AanlD) 
wide and 1.1km (O.7mi) deep 


debris and fiery destruction on a geographical 
region as large as Europe, but it’s the gases they 
Hheh(=xe1mbelconeelcecimcclne)so)elcyacmmetsimeelellousjeley| 
disaster for humanity. 

During a super-eruption, a scalding plume of gas 
would belch almost to the edge of space. Levelling 
off, it would spread out around the globe, forminga 
veil of sulphate aerosols that would persist for 
several years and trigger a volcanic winter. 

The veil would reflect and absorb incoming solar 
radiation, warming the upper atmosphere and 


Volcanic winter 


Global climate in the aftermath 
fo) ms B10) l=) arco) (or-lal(oms)ableii(eya 
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preventing heat from reaching the surface. The 
result would be extreme instability in the climate 
SAVSiccvesmeolebercl@curcvealercyeclavbaccauvelelonneresle)(s 
rapidly, leading to agricultural collapse and 
famine. Some even speculate that these conditions 
(efo0N(o (crs (o bron elcxeelsime)e- lee (acr-txon 

Such catastrophic super-eruptions are rare; the 
last we know of occurred 27,000 years ago in New 
Zealand. But they are inevitable. Critically, we have 
satoplolarcMnvelcvenaelcualsyqmeercnrvsleaciwalcer-berel 
absolutely no way to prevent it. 


Fallout 
PANaWe-lale mae) e)e)(-mellla (ets 
homes, roads, power grids, 
sanitation systems and 
FYe}a (eel |d0le-] ml-larenmr-laalials 
and disease rage. 


Acid rain 
JU] | 0) teltoWe (=) ge sie) omexe)anle) lars) 
with water and fall as acid 
rain, stripping vegetation 
rT alo oe) (ve)al lave msve)] oe 
Yoa(e ial aren t-l.<ctsemerlanreleliale 
structures and causing 
respiratory irritation. 


; 






\etet=\e-lu(elamel (at 
Buried by ash, ravaged by 
acid rain, or strangled by 
freezing summer 
temperatures, crops fail, 
Thess] Kole! qe | (=soemor-] 01S} [are] 
widespread famine. 


Illustration by Ian Jackson 


Oceanic 
circulation chaos 
Reduced sea surface 
temperatures scramble 
lake) gaat-] Mexersv-]al (es 
for] coe] f=] ule) amare] ine) alale mel (e)ey-]| 
weather patterns in 
Ula} e)gete| (e110) (=m r-\V Ace 


Feat atem ey (0) (elev 
fore) | Fe) efax=) 
DYsidUlaoy-le mel gel t-la(e)am-lace| 
reduced deep-water 
Uy oy Yell liarem ar-]palelciecmalenea(=iaye 
flow, threatening the entire 
foXexz¥-|al(om kelelemeval-]1aF 


Mount Tambora and the | 
year without summer 


Tam ks} how \V/(ol0aleml F-lanlele)a-me)amuatomlare(e)arst<il-lamicit-laleme)melelaaley-\ ze) 
rela] 0] ue A=) (=e | ale fol Mele] (om 4] (0) aal=lnnasom @ akele] o)(om pall (=) Re) mant-lk=)are] 
skywards in one of the most powerful eruptions in recorded history. 
Tambora claimed an estimated 70,000 lives in the region, and 
caused climate mayhem across the Northern Hemisphere. 
Dubbed “the year without a summer”, 1816 saw June snowfall in 
New York and widespread crop failure, famine, disease and riots, 
lola late |iatemuarcme(st-1agmne)|muem-t2\V(-1e-] Malelavelqcvomualelel<t-]ale mm Diet-)0) kam 1 as 
far-reaching consequences, Tambora was at least ten times 
Jaateli (clan tatel aie mcie] eX=) ace) (or- lacey 
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NUCLEAR WINTER 


The smouldering aftermath of nuclear conflict blacks out the Sun 


With the power to demolish entire cities in 
seconds, nuclear bombs are the most devastating 
weapons on the planet. In many ways, those 
annihilated in the first moments ofa blast could 
be considered the lucky ones. 

In the 1980s, prominent scientists including 
Carl Sagan warned that a nuclear war between 


take years for particles to be rained out. 


Nuclear winter 


How nuclear conflict could 
wreak havoc on global climate 
and the environment 


Ash cloud 

Clouds of ash spread out 
and absorb almost all 
incoming solar radiation, 
causing noontime twilight. 










Blast damage 
Everything close to the 
epicentre is vaporised; 
damage further afield is 
caused by a rapidly 
expanding fireball and 
pressure wave. 


Nuclear 
firestorms 
Raging for weeks, firestorms 
produce billowing black 
pyrocumulus clouds that inject 
ash into the upper atmosphere. 


Fauna 

Those creatures that manage to 
endure the harsh temperatures 
face radiation poisoning and 
starvation as vegetation dwindles. 


Radioactive 
fallout 
Radioactive dust disperses 
throughout the atmosphere, 
poisoning water supplies and the food 
chain and causing radiation sickness. 


How many 
nukes would 
destroy Earth? 


How the world’s most famous 
nuclear bombs stack up 


Energy of explosion 
(kilotons of TNT) 


-25kt 


Fat Man | 
(Nagasaki) 


2.8 million blasts 


20kt Little Boy 


(Hiroshima) 
3.6 million blasts 





15kt 


10kt 





5kt 


The mushroom cloud of the ‘Fat Man’ bomb after it 
detonated in Nagasaki, Japan, instantly killing around 
80,000 people | es a 





068 


the US and the Soviet Union could drive the globe 
into a catastrophic nuclear winter. Incinerated 
cities and forests would send heaving clouds of 
Sun-blocking ash into the stratosphere - it could 


In a worst-case scenario, it is theorised that 99 
per cent of the Sun’s light would be blocked for 


er =a 
as, — 


several months, resulting in noontime twilight 
and the halting of photosynthesis. Surface 
temperatures could plummet tens of degrees 
below normal levels for years or even decades, 
bringing crippling arctic conditions to the entire 
globe. Plants, animals and humans would perish 
in the darkness. 


Black rain 

For months, rains are black 
with ash and dangerously 
acidic, due to nitrogen 
oxides released in the 
blast burn and firestorms. 


Ozone depletion 
Hot ash warms the 
surrounding atmosphere, 
fuelling chemical reactions 
that destroy up to 70 per 
cent of the ozone layer. 


Vegetation 

Razed by blasts, stripped by 
acid rain or starved of 
sunlight, plants die off 
en masse, Causing 
agricultural 

collapse and 

global famine. 





— Surface 
“. temperature 
Average 


temperatures drop 
suddenly for several 
months and remain 
below the pre-nuclear 
average for decades. 


Long-term 
radiation effects 
Survivors of the nuclear 
winter face a bleak future, 
with skyrocketing rates of 
birth defects and cancer. 
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50 mt Energy of explosion 
(megatons of TNT) 
40mt 
30mt 
20mt _Tsar 
ompDa 
pa 16,000 


49,000 
blasts 


blasts 


10mt 





Tsar Bomba unleashed over ten times the energy of the entire combined firepower of World War IT in one blast 


Five ways to head ~~ Mann: 
off an asteroid agine on the surface, and 


: . / , oUlom=lalelele|amanlauicimnne) 
Given enough forewarning, there are a few if -. ifie ivoft course. 
tricks that might successfully avert a collision 


1 Pull it 

Position a ‘gravity tractor’ 250m 
(S¥A0]T0 icelanmeal=clelar-le=Ma sala 
spacecraft’s gravitational pull 
would gradually tease the 
asteroid onto a new path. 


2 Slam into it 
Smash a fast-moving 


spaceship into it, altering a eae : , 4 Nuke it 


its velocity by a sliver and 4 f Detonate a nuclear bomb 
eventually creating a nearby; vaporising surface 

| (e]ayiater-] alm ey-ltame (iam ry | ; laate)es)ar-]mcele](eme(=va(cormnal= 
: asteroid’s course. 


5 Blow it up 

SIU avar-mal=)aante)aleer(cr-] al elelanle) 
deep beneath its surface, 

(o (=) Ko) at-)aMar] ale aie) elem ale)al=me)i 
the fragments head our way. 


a = , 
} Leroid Cause. 
a =— Y - hn ee ga a 

. a We > | mt m es. . 
- 5 i \_—s =. m4 51 3 y : —— 


‘Famous for the: demise-of the dinosaurs age BP per cent ofall animal ~- 
species), the K/T extinction event occurred abOUia@6 million. years age: me 
Scientists’ theories that a gigantic space rock was to blamé:are— tt fm | 
strongly supported by the existence of a 180-kilometre (112-Mil@)e~a 
impact crater - dated as 66 million years old - at Chicxulub in Mexieog 
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RUNAWAY GREENHOUSE EFFECT 


Human activities set in motion an unstoppable warming of the planet 









The greenhouse effect is essential to life as we know Absorption Outgoing infrared Reflection 
it. Just like aglass greenhouse letsin light but traps Greenhouse gases absorb outgoing Some of the outgoing infrared energy is About 30 per cent of incoming 
heat, insulating gases in our atmosphere protectus infrared and reradiate some of it absorbed by the atmosphere and radiation is scattered by the 

back towards Earth, trapping heat reflected back down towards the surface, atmosphere or reflected by 
from the deathly cold of space. in the lower atmosphere and while the rest is radiated into space. clouds back out to space. 


But since the Industrial Revolution, humanshave causing an overall warming. 
upset the delicate balance of the atmosphere. 
Concentrations of carbon dioxide (CO,), released 
when fossil fuels are burned, and other ‘greenhouse 
gases’, have risen atan alarming rate, forminga 
thick blanket around Earth, trapping excess heat 
and nudging global temperatures upwards. 

While warmer weather might be welcome in 
some places, ‘feedback loops’ complicate the effects 
of higher temperatures. Increased evaporation will 
cause denser cloud cover, exacerbating the 
warming effect because clouds themselves are Greenhouse 
strong insulators. Longstanding carbon ‘sinks’ - = ee eaeicer aa 

Emissions include carbon 
rocks and oceans that pull CO, outoftheatmosphere — gioxide from fossil fuel 
—will become unstable and release their stores, burning, methane from 
accelerating the problem still further. ssc ial haga ube os eetacis 

from synthetic fertilisers. 

Scientists warn ofa tipping point -a temperature 


Illustration by Ian Jackson 












beyond which the problem can no longer be dialled Surface radiation 5 
back. Ifwe reach this point, arunaway greenhouse Earth’s surface absorbs solar Incoming sunlight Melting ice Z 
effect would cause temperatures to soar to several radiation and re-emits it as | About 70 per cent of the As global temperatures 

: as thermal infrared radiation. Sun’s energy penetrates rise, glaciers, seaice and @ 
hundred degrees Celsius, boiling the oceans and the atmosphere and ice sheets melt, causing = 
making life on Earthimpossible. heats Earth’s surface. sea levels to rise. © 
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THE SUN DIES 


In its twilight years, our local star turns on us 


The Sun supplies the energy for almost all of 
life on Earth, but all good things come to an 
end. When the Sun’s time comes and it starts to 
run out of fuel, its core will collapse as the 
outward force - due to fusion - can no longer 
balance the strong inward force of gravity. At 
the same time, its outer envelope will inflate, 
expanding the star into a red giant, and 


Red giant Sun 


The view from Earth as the Sun grows old 


ea tel alee iste] °) olerele 

As the climate warms, carbonate rock 
formation - which sucks CO, from the 
atmosphere - speeds up. Although this 
temporarily stunts overall warming, 
eventually there is no longer enough 
CO, for plants to photosynthesise. 

All animal life is doomed. 


Oceans evaporate 
Soaring temperatures cause the 
oceans to boil. The atmosphere 
fills with water vapour and the 
surface turns into a desert. 
Without water, all but the 

ate] qe|(=ssiem anliel ge) ey=some| (=e) sae 
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Venus 
0.72 AU 


Mercury 
0.38 AU 


Sun 


engulfing the orbits of Mercury, Venus, and - 
potentially - Earth. 

Eventually, the dying Sun will transform into 
a dense white dwarf surrounded by a dazzling 
planetary nebula. Humans won't be around to 
see this; the Sun’s fuel supply will start to run 
IKo)iVa- Volo) vim enrcm oeUbleveMt(cr-Dacwoae)eomeleiiamolvim=t-bauel 
will be inhospitable long before. 


Temperature rises 

As it ploughs through its fuel reserves, the Sun gets 
about ten per cent brighter - and therefore hotter - 
every billion years. The increase makes Earth 

Tal akeys} e) it~] 0) (=m com] /Mliicmlamelate(slar-Me) ii lela miict-] ace 





Planet-gobbling star 
caught in the act 


fn WA@) WAmr-h=1 1 ce) ave) gal=)acm—1aelanle)(=1e me) eleal-— e)i-laicis 
ingle lae(claul am o)gele|q-sss-eam Mal-\Vacelelalemunr-lm@iacvemelr-laie 
star BD+48 740 currently contains unexpected 
levels of lithium. This rare element is easily 
destroyed in stars, indicating that it has recently 
(o [fe (asoi neve mse) patcvealialemuuidamealcmaat-isicw-lale 
composition of a planet. 
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A swallowed planet is vaporised 
and its material blends into the star 


Red giant approaches 


Billions of years after Earthly life is 
obliterated, the Sun will begin its red giant 
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phase, swallowing Mercury and Venus and 
lost] aiare me e)uane)amelel mare) Vm oy-] a a2) cele.e 


Earth’s fiery demise 
Although some experts suggest that 
the Sun’s reducing gravitational pull will 
Fe] (VV me] pe) g ©) KOM) 0) | g-] MOLUI MNF] ge Komne) 
safety, most agree that it will be 
devoured and vaporised. 





Today: the Sun is at a distance of 
fo) arewekcunae)ale)aalrerclmelalim@ m-\ Op me 
sholOlanlam.daamecoianlamasld memiae)aam -t-laaal 


7.5 billion years 
from now: the Sun 
aYeISM=>.4ey-] ale(stemr-] are, 

engulfed the 
Talatsaaatessim e)t-laicies 








Gamma-ray bursts have an ‘afterglow’ that covers the entire electromagnetic spectrum 





th Anatomy of a long GRB 
— BS) C=) obi o\VOr-i0=) ome Ui (e(-mcom ants brightest electromagnetic events in the universe 


? 


— 4 Star death . 
When a massive star’s energy dwindles 
and it nears the end of its life, it swells to Supernova 








become a red giant. When its fuel supply The heat created by the collapse 
j ; : finally runs out, the star collapses under (around 100bn°C/180bn°F) forces particles 
An explosion jelbyatonccrets of . its own.gravity, crushing its core into a violently outwards from the core. As these 
dele lercrsbarets ‘yi light Wisrel ES away |) F-\o1,@1 a\0) (= nn slam into the star’s collapsing outer layers, 


rs) a oles @lige)al ance) gatcw-]ale me) t-loiecmualom [-lV.2) 65 
away in a supernova explosion that lasts 
days, weeks or months. 


annihilates the ozone layer 
Gamma-ray bursts (GRBs) are the brightest 

events in the universe. Produced by.the . 

explosion of massive stars, they emit focussed | 
beams of intense gamma radiation. They can eg 
last anywhere from a fraction of a second to : 
several hours, and can release as much energy 

in ten seconds as the Sun will produce in its 


entire lifetime. 


If the Earth were unlucky enough to get 
caught ina GRB’s almighty death beam, the 
effects would be catastrophic. It would trigger 
atmospheric chemistry that would destroy the 
ozone layer - leaving life on the surface 
exposed to deadly ultraviolet radiation. 











Expulsion 

AV Fel tel am eli aimemual=m er] e)ic|\acye)iavaliare 
10) F=lo1,@ ale) (=e Wom ome (=\1(0]0] a =\e MM at=] aqe)U\a (=1mone) i 
intense radiation blast out along the’black ~ 
hole’s axis of rotation, producing an 
Talke)atsxemit-lsiame)mal(elabrslalciaen’mer-lanlaal-Me-\ cn 


ei rle@ale) (2) 





Accretion disc 





GRBs are astronomical showstoppers 
luar-)ume) (cya \Vacialiatcm-manliiiolameall (cela 
times as bright as the Sun 


Jet and gamma rays 
















oral 





© James Gitlin/STSclI AVL; Science Photo Library / Alamy; Freepik.com 





(3) 
GLOBAL PANDEMIC 


Infectious disease sweeps the planet, 
eradicating the entire human race 





A pandemic is an outbreak of infectious disease 
that spreads throughout much of the globe. 
Human history is punctuated by debilitating 
pandemics and, despite medical advances, it’s 
only a matter of time before we see another. 

Today’s standards of sanitation and 
medical research help us stay one step 
ahead of most infectious agents, but 
widespread international travel and 
increased population densities make it 
much easier for a global pandemic to 
threaten us all. 

In 2003, SARS (severe acute 
respiratory syndrome) -a 
serious form of pneumonia -— - 
spread to six of the world’s 
seven continents within 
months, infecting an 
estimated 8,000 people and 





—a grisly disease ravaging West Africa witha 
death toll over 11,000 - threatened to go pandemic 
in late 2014 after cases popped up in travellers 
arriving back in North America and Europe. 
Emerging diseases pose the biggest problem, 
since they involve unknown pathogens 
with no existing vaccinations. The most 
dangerous are highly contagious but 
have delayed symptom onset, meaning 
that infected people unwittingly spread 
the disease to many others before 
realising they are sick. Shape- 
shifting diseases that mutate 
fast are almost impossible to 
f , vaccinate against. In today’s 
hyper-mobile, city- 
dominated world, a deadly 
disease combining these 
three features could spell 


killing 750. More recently, Ebola doom for the human race. 
Outbreak SPANISH FLU 
The deadliest 1918-1919 


pandemics in 
human history 
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BLACK -——HIV/AIDS 
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DID YOU KNOW/? Engineers have already managed to design g machine that can qutonomously create a better version of itself 


ROBO : Ss * Experts weigh in 
[oe | You may dismiss public fears about 
_ » si | artificial intelligence (Al) as the result 
7 wa of too much sci-fi entertainment. But 


VV aolame)ce)aaliaccialmtalial colacw-] are! 


Naatsle@eel intelligence N | technologists start expressing 


concern, it’s time to take notice. 


transcends Jaiebeal an ‘ | {J ; SfornaleMevmtaleW crelellaveManliate Revert ls 


time - including physicist Stephen 


intelligence vale — = , , | | | BreWLdale B Microsoft co-founder Bill 
iabhg@aks on its eaesleles i f | : , Zs ‘ : \ (CF in-omeelareR-vareliatsiarelare! 


entrepreneur Elon Musk - have 


} spoken out publicly over the last year, 
I, Robot, 2001: A Space Odyssey, the MiVc]aaliavemuay- ima a(=W aat-](e)ainyae) Mm el-ve)e)(= 


Terminatormovies; we all know how | . ail : don’t appreciate the speed with 
this goes down. But some computer P ? “4 which Al technology is advancing 

ee ref j av. and the very real threat it could pose. 
scientists believe that weTe fast . | \ Musk and Hawking were also 
approaching a moment knownas the “ ~~ among thousands of Al scientists 
singularity’ - a tipping point where | r , | and tech-savvy thought leaders to 

lf hi th ~ | ‘ . sign an open letter calling for a ban 
seiraware Mach nese on offensive autonomous weapons. 
capabilities of the most intelligent 
Jarbbestsbepeentelen 

JSY=y(o) aXe Ma abesy oLe)uelowiacy bes] elesss)le)(=nKe) 
Jo)a=ro bem aley ian ensarexcmyialomer-baleluioy-Vel 
unchecked superhuman intelligence 
would be so incomprehensible to us that 
sTVCemmtoeulomaleploverexsymolcr-le)(-niekee)since)elm 
and ifit decided to terminate the human 
race, we would be powerless to stop it. 


CHOOSE 
YOUR OWN : 
APOCALYPSE. . = 


AVA'Pablelameyadalzrcr-melele)eatsyer=h\, 
scenarios will become a 
world-ending reality? 


se 








Optimists would assure you that humanity will 

avoid foolish nuclear wars, begin to behave 
responsibly in response to climate change, get } 
Tey @oletseslolevimeeeleceuenelew-Ver-beleucirc\iae)elsrcji- 0) : 





ahead of emerging diseases. These things, at P | 
least, are feasibly within our control. Beyond on - a = 
that, we are at the mercy of the laws of physics: | a 
Statistically, asupervolcano is most likely to , ee, nt Mb , 
hit first. A devastating super-eruption is | ‘ g = 
1d alo) bred olmuonoreebb ar-Lelelvimeyalecn-\1(-) aym lore melele) = 4 +e 4 ' oa , 
years, whereas world-threatening GRBs and - ot ea Sek ia 
asteroids rear their heads perhaps only once in. . A ; 
every 500,000. | | = 
In truth, it’s likely that a combination of ) = ; 
catastrophic events —- and a chaotic human 
response to them - will secure our demise. If : 
they don’t - the Sun will be hot on our heels in i — | eS. , | 7 
a billion years’ time. . - t-— | 
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_Chind’s ra 
mountain 


The vivid colours of the Zhangye Danxia 
rock formations area mineral marvel. 
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hina’s Gansu Province, in the central 

north of the country, is home toa truly 

spectacular view. The striated colours of 
the Zhangye Danxia National Geological Park rise 
up from gullies and canyons in the rocks, and 
perfect stripes of earthy reds, oranges, whites and 
browns form craggy peaks that cover over 500 
square kilometres. 

The stripes in the rocks were originally 
horizontal, as layers of sandstone and other 
minerals built up over millions of years. Each 
layer was created as particles of rock were 
deposited through wind or water to form 
sediments. As new sediment layers gathered over 
time, their weight compacted the layers beneath 
until they cemented together to form rock. 

Weare able to see all of these cemented layers , 
in the rockat Zhangye Danxiabecausetectonic | Fe, ae 
activity has crumpled the Earth's crustand forced [i 
the rock upwards, exposing the different | 
sediment sections in stunning rainbow stripes. 

Some 50 million years ago, the Indian Plate 
smashed into the Eurasian Plate, causing the 
tectonic event that formed (and is still forming) 
the Himalaya mountain range. This caused a 
geological ripple effect, uplifting mountains and 
buckling the ground in different areas. In the case 
of the Zhangye Danxia Geological Park, the layers 
ofsedimentary rock were exposed. 

After the rainbow rocks were uplifted, other 
physical properties were then immediately at 
work, eroding and sculpting the landscape as it 
appears today. Sandstone is typically rather soft, 
and so forces of dust-laden wind, rushing water 
and the freezing and thawing of ice have all 
helped to mould the landforms. 

The last piece of the rainbow mountain puzzle 
lies within the sediment layers themselves. 
Various minerals were deposited in the layers 
alongside the grains of sand and rock, andas 
these have been exposed to the elements as the 
ground uplifted, they have begun to oxidise and 
stain the sandstone layers. For example, one of 
the most prevalent colours in the landscapeisa 
burnt copper hue. This occurs as elemental iron 
reacts with oxygen in the air - the same way that 
metal rusts —- staining the landscape a dusky red. 
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‘Danxia’ means ‘rosy cloud’, and is used to describe several striking red sandstone landscapes in China 





“Tectonic activity forced 

~ layers of rock upwards, 
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Wolves have astounding endurance capabilities and will track and chase their prey all day if they have to 


hether it’s a lion taking downa 

wildebeest, or a spider devouring a 

wasp, the predator-prey relationship is 
a constant carousel of eat or be eaten. It’s survival 
of the fittest. Unfortunately, it’s very often the little 
guy that pays the price for the never-ending 
march of life. That’s because Mother Nature has 
gifted many of the predators of the animal 
kingdom with incredible adaptations to lighten 
the load and simplify their task, no matter how 
high up they are in the food chain. 

There’s no stronger hunting force than that ofa 
pack. It has the benefit of teamwork, the use of 
varied skills, as well as safety in numbers. The 
drawback for animals hunting in groups is that 
there has to be enough food to go around, but 
that’s remedied by the fact that many hands, or 
paws, make light work. 

Wolves are a key example of pack hunters, 
where the relationships between the animals are 
so intricate that they are able to communicate 
effectively and work as one ruthless unit. Each 
individual animal will havea specific role to play, 
often based on age, gender and social standing. 

Asimilar structure applies to many other 
animals. For example, an African community of 
chimps have been hunting together so efficiently 
that they have decimated the population of their 
prey, the red colobus monkey. Dolphins, too, will 
maximise their prey intake by working together 
to trap fish. Living in close familial units, dolphins 
communicate in a conversation of complex clicks 
and whistles for efficient fishing. 

Dolphins’ cetacean cousins, killer whales, also 
employ this technique. These highly intelligent 
ocean giants have been frequently witnessed 
swimming in formation to create a giant bow 
wave, washing the seals perched atop ice floats 
into their waiting jaws. Killer whales have been 
known to spend hours and hours chasing down 
their prey, relying on their stamina to keep up the 
pursuit until their prey tires. 

This type of persistence hunting is employed 
by many other group predators as well as lone 
rangers, usually those with athletic builds and 
ravenous appetites. Wolves and wild dogs use the 
combined strength of the pack to pursue the prey 
until they collapse with exhaustion. 

Asuccessful predator is not a fussy eater; take 
the hyena, for example. These animals are known 
for being first-class scavengers, able to sniff out 
carrion from over four kilometres away, but 
they're also skilled hunters. Prone to marauding 
in pairs, one hyena will distract a mother 


“Wolves are able 

to communicate 
effectively and work 
gs one ruthless unit” 
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wildebeest and the other will move in for the calf. 
In larger groups, it’s possible to take down even 
larger animals for a more profitable kill. Hyena 
too use the endurance hunting method; they can 
sprint at 60 kilometres per hour, and can sustaina 
speed of 40 to 50 kilometres per hour over a 
distance of five kilometres, snapping at the 
hooves of their quarry until the panicked beast 
gives up the ghost. 

Lone hunters don’t have the combined strength 
ofa pack or a pod to rely on, and so will often have 
some amazing adaptations to help them in their 
quest for nutrition. One such critter is the red fox. 
These brush-tailed foragers pick up low frequency 
sounds and are able to hear small rodents as they 
scamper under nearly a metre snow. Without 
even seeing the target, a fox can launchan 
accurate pounce, leap into the air and then land to 
pin its prey down. Scientists believe that foxes 
actually align themselves with Earth’s magnetic 
field to pinpoint the exact location of their prey, 
preferring a northeasterly attack for an incredible 


Smash and grab 


Snakes also use super 
senses to hunt. They 
detect a cocktail of 
visual and 
chemosensory cues to 
track downa suitable 
victim, andare also ° 
capable of seeing | 
endothermic heat 
signatures. Once they have 
singled outa tasty morsel, 
constrictor species will deploy 
the death squeeze. Studies have shown 
that snakes can match the strength and duration 
of the constriction to the heartbeat of their prey, 
making fora scarily efficient dispatch. 

Burly brown bears, on the other hand, have the 
advantage of being at the very top of the food 
chain. They are solitary and omnivorous and will 
nibble on nuts and berries or use their sheer bulk 
to take down deer and even moose. 

Yet for many lone hunters, the element of 
surprise is crucial for success, and that is where 





the ambush hunter 
thrives. Setting traps 
 andlyinginwaitisa 
very energy-efficient 
way of hunting. On 
land, one of the largest 
ambush hunters is the 
tiger, which relies on its 
rich camouflage of 
stripes for concealment 
until the opportune moment 
to strike. Tigers are also excellent 
swimmers and have been known to 
attack from the water. 

As well as camouflage, the use of tools to hide in 
plain sight is a feat of magnificence in the animal 
kingdom. Devious species of both crocodiles and 
alligators are known to place twigs and sticks 
across their noses, then lie in wait for 
unsuspecting birds. Thinking that they’re 
plucking up some prime nesting material from 
the water, the birdis then quickly snapped up 
—the first ever evidence of tool usage in reptiles. 


‘A predator's environment can govern 


When the salmon run is in 
full flow, bears will stand 


73 per cent success rate. 

Sit and wait 
Learning The bear sits in the 
the ropes water, focusing on the 


spot in front of him. 
When a salmon swims 
into view, he pins it to 
the streambed. 


Cubs will learn to hunt by 
watching their mothers 
from the bank. In 
adulthood, bears will 
mostly use the primary 
fishing method employed 


by their mothers. ™ 





P ~~ At the peak of the 
salmon run, a dominant 
Miant-l(-mer-]amer-1keia nu) on nocie) 

mh ey Pefish per day 
a # ~ eile: 2 
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in the stream and hook 
out nearby fish using their 
long, sharp claws and 
giant, paddle-like paws. 


Dinner is served 
Once a salmon is safely 
landed, the bear will take 
it off to a secluded spot. 
It typically eats just a 
quarter of the fish: the 
fatty and delicious parts. 


Beware of pirates 
‘Pirating’ refers to sneak-thief 
bears that simply wait for 
others to do all the hard work. 
It’s not a common behaviour, 
but daylight salmon robbery 
does happen occasionally. 


how it interacts with its prey” 


Fishing at the falls 

The bear takes its position at the 
top of a small waterfall and 
simply waits for salmon to leap 
up the falls into its waiting jaws! 









Defending 
the spot 
The best fishing spots are 
generally occupied by the most 
dominant bears in the area, and 
are defended fiercely from 
encroaching competition. 





Predators must balance the energy they expend hunting with the energy gained when prey Is caught and eaten 
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Herding 

Dolphins surround a shoal 
Pl Dod Wee it ts of fish, and work together © 
fz : side eet i to confine the prey witha 
: ie sg net of bubbles. 


Bait ball 
With the fish contained in 
_ atight ball, dolphins take 
turns to swim into the 
foray and grab a fish. 
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“Tail slapping 


—— 7 =. ' 
A dolphin will use its | Bottom feeding ~~ 
powerful tail flukes to Dolphins use their beaks and Strand feeding Easy meal . 
strike out and stun a fish, flukes to churn up sediment on Dolphins can swim fast With their disorientated 
immobilising its getaway. the sea floor, exposing fish and directly toward the shoreline, prey stranded at the 
eritcreeancasirnin. pushing a bow wave, and the shore, dolphins can 
fish, ahead of them. enjoy the easy pickings 






of fish out of water. 
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~~ ee” =< Echolocation 
~ . Sometimes dolphins will stun 
- —— 
, fish in the water using 

Corralling echolocation, to immobilise Beaching 

Dolphins push the fish into them for an easy meal. The fish are pushed ina 
shallow waters close to large wave onto the beach; 
the shoreline, cutting off the dolphins follow and 
the fish’s escape. beach themselves. 
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The predatory sleuth of the marine world is the 
octopus. Hunting crabs and crustaceans, these 
cephalopods are able to disguise both their colour 
and texture to avoid detection. Once close enough 
to its victim, the octopus will then swoop down to 
envelop the morsel in its arms, delivering a bite 
laced with a potent neurotoxin capable of turning 
crab innards to mush. 





Keen eyesight ERS 
A peregrine falcon’s t Ny 


eyesight is incredible. It at ae. 3 
can function like a ay 
telephoto lens and spot 
prey over 3km away. 


High flyer 

To begin its hunt, 
the falcon climbs 
high in the air 
and scans below 
for prey. 


HE PEREGRINE'S STOOP 


Wingspan 
With over 1m of super-strong 
wingspan and expertly arranged 
feathers, the falcon is well prepared 
for mid-air encounters. 


Target acquired 
When an item of prey is spotted, the 
falcon locks its gaze onto the bird. 


The peregrine prepares to execute its 
stoop, where it drops out of the air ina 
dramatic precision dive. 


m h or more, | 
i i eeds of 320km/ Tes 
Reaching ere Hees a an Olympian grade 

the p rine Ta’® 





The prey of choice is any kind 
of bird, especially those that 
can be snatched on the wing. 


The animal kingdom also hosts opportunistic 
predators who sit back and wait until an ideal 
situation happens upon them. The lemon shark is 
one such beast. It positions itself in the middle ofa 
large shoal of fish, but doesn’t make its move until 
another predator enters the fray. As the other 
encroaching hunter launches an attack and 
panics the shoal, the lemon sharks are free to take 






































The launch 


Incredible 
adaptations 
The peregrine has extra 
eyelids and coned nostrils 
that act as a protective 
barrier against the 
high-pressure stoop. 


Prey secured 
The falcon grabs the 
bird with its strong 
talons and kills with 
its beak before 
retreating to a perch 

to feast. 


Prey selection 


their fill of fish from the chaos, a fine meal served 
with minimum effort. 

Apredator’s environment can govern howit 
interacts with its prey, and howit is adapted to 
suit its place in the food chain. In water, predators 
must be quick and agile, hydro-dynamically 
shaped and capable of instant bursts of speed. 
The bluefin tuna is an excellent example of this. 
Unlike most fish it is warm-blooded, which helps 
its muscles work faster and more efficiently for 
nifty prey-snatching sprints though the water. 
Great white sharks are also well adapted. Their 
huge rows of pointed, serrated teeth are the best 
possible tool for tearing through skin and 
blubber, sawing up and devouring the prize 
before any scavengers get a look in. 

On land, the cheetah is an excellent example of 
an animal perfectly suited to its hunting 
environment. On the open grassland plains of 
Africa, there is nowhere to hide, so the cheetah 
must be stealthy to get close to its hoofed prey. 
Once in position, the big cat can reach 100 


The stoop 

Forming its body into a 
super-aerodynamic V-shape, the 
falcon reaches terminal velocity 
at around 320km/h. 


Precise manoeuvre 
The falcon can make 
instant strategic decisions 
as it dives, for better 
chances of a mid-air kill. 










The pack feasts 
The animal will die from 
shock and loss of blood 
and once it falls, the 
pack tucks in. 


Hyends sometimes store food underwater to keep it qway from other scavengers such as vultures and jackals 


The chase 
Once a single animal is 
chosen, the hyenas will 

doggedly attempt to run 

the prey down. 


Communication 
Hyenas have a large vocabulary of 
vocalisations, and will communicate 
with one another to coordinate a hunt. 


Testing the herd 
In small groups, the hyenas 
will charge at herds of prey, 
such as wildebeest, in order 
to single out the weaklings. 













Dinner etiquette 
Hyenas are noisy, 
lively eaters. They 

often chase one 
another around, but 





don’t fight over a kill. 






“One hyena distracts the mother, while 
the other moves in for the calf” 


kilometres per hour during an incredible sprint, 
catching its prey unawares. The cheetah’s long 
tail aids balance and its claws don’t retract to 
provide traction on the dry soil. 

Where larger animals have the advantage of 
size and power, smaller critters have to develop 
more cunning ways of taking down prey. Being 
toxic is a helpful trait, asin the case of the black 
widow spider. The venom used by this infamous 
arachnid paralyses its prey, which can include 
small mammals and reptiles. 

Similarly, the box jellyfish is shockingly toxic. 
Jellies are at the mercy of ocean currents and 
don’t really look predatory, yet the sting of this 
gelatinous hunter can killa human in seconds. It 
delivers a potent neurotoxin via 
stinging cells called nematocysts. 
The fish or shrimp is killed at 
the touch ofa tentacle, and 
the jelly can get to work 
on digestion. 

The common view of 
a predator is one that 
charges in with tooth 
and claw, and there are 
plenty of those on 
Earth. But the natural 
world is constantly 
showing us ingenious 
methods that animals use to 
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secure their next meal. The electric eel for 
example, is capable of discharging thousands of 
tiny, battery-like cells to produce shocks of 600 
volts. These fish stun their prey and tuck in. 

The marine cone snail has another curious 
strategy. At night, itsneaks up ona resting fish, 
then quickly extends a proboscis, a nose-like 
organ shaped like a harpoon. It swiftly injects the 
fish with toxins to paralyse it and then swallows 
it whole. 

One of the most ingenious predation methods 
belongs to the archerfish, the small Asian species 
that uses a water pistol to gun down its insect 
dinner. The fish compresses its gills to shoot a jet 
of water from its mouth and accurately knock 
prey into the water. It even adapts its 
firing angle to compensate for the 
refraction of light in water. 
Whether it’s speed, claws 
or deception that makes 

these predators so 
deadly, they all have 
one thing in common: 
the motivation to 
survive. Killer 
instincts and cunning 
skills have been honed 
over generations to 
produce a natural world 
full of elite hunters. 
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Securing the kill 
Hyenas will tear at the prey’s 
flesh to bring it to the 
ground, aiming at soft tissue 
and major blood vessels. 





Cornering prey 
As the prey begins to tire, the 
hyenas snap at its hooves 
and belly. Other pack 
members encircle it. 
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It’s time to settle this rivalry once and for all. 
Which pet comes out on top? 


t’sno surprise that dogs and cats have the 

majority vote as domestic pets. Humans area 

tactile bunch, and nothing gets the pleasure 
centres in our brains firing more than petting an 
adorable animal. Nearly half of all UK households 
have pets, with 24 per cent having a dog and 17 per 
cent owning a cat. 

Weare hard-wired to take care of things we 

find cute and helpless like our own offspring, 
so we can’t help but coo over little puppies as if 
they were our own. This relationship is enhanced 
by the almost intuitive way that our pets respond 
to us, and when you realise that dogs and humans 
have evolved together, it’s not hard to 
comprehend how the mutts have been branded 
as ‘man’s best friend’. 
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Recent studies have proven that dogs can 
recognise emotion on faces, display jealousy 
and they’re even able to coherently watch TV 
(when there are animals involved). They learn in 
the same way that children do, are susceptible to 
emotional contagion (try yawning next to your 
pup and see if he yawns too) and have a distinct 
awareness of time. 

Although cats, as solitary creatures, aren't 
fussed about joining in every aspect of our lives, 
they've been proven to pay more attention than we 
often assume. Cats can recognise our moods and 
react accordingly, they can get us to help them 
without us even noticing and even replicate sounds 
that subliminally galvanise us into action. Cats also 
see humansas their surrogate family — has your 
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<tr 
= 

— 


kitty ever brought you back a live-or-dead gift? 
She’s actually trying to impart her hunting 
knowledge. Kittens are raised by their mothers, 
who will begin to teach them by bringing back 
dead prey. If Tibbles is delivering you large, live 
prey to dispatch yourself, then congratulations 
—you're ready to accompany her on the hunt. 

Felines are the natural survivors ofthe pet world 
and although we love caring for them, cats could 
survive just fine without our help. Interestingly, 
evolutionary research has shown that cats have 
been involved in the extinction of over 40 dog 
species by outcompeting them for food. 

Whether you're a cat person or a dog person, 
read on to find out the amazing attributes of both 
species, and you might just switch your side. 


For gq human to see in the same way that ag domestic cat does, our eyes would need to be eight inches across! 


ROUND 1: PHYSICAL ABILITY 


Cats are the gymnasts of the pet world -they are 
light, nimble and have an amazing ‘righting’ 
reflex that means they always land on their paws. 
They also have impressive night vision, acute 
hearing and two ways to sense smells. Ever seen 
your cat lifting his lipsina snarl? That's him using 
his Jacobson’s organ to home in ona scent. 

So in the battle of the senses, the kitties seem to 
win bya whisker - apart from in the nose 


Vision 
A dog sees the world like 
human red-green 
colour-blindness, and their 
field of view stretches 240 
degrees - wider than a cat. 





Smell 

A dog’s nasal 
cavity is lined with 
at least 125 million 
sensory receptors, 
compared with 
our 5 to 10 million. 


Strength 

Each breed of dog 
has different 
strengths, but most 
have incredible 
stamina - able to 
run for three 
kilometres or more 
at high speed. 








When a dog inhales, some 
of the air is respired and 
the rest is dedicated to 
scent identification 


category. Dogs ‘see’ the world through scent, and 
can sniff out some odours in parts per trillion - 
the equivalent of detecting one teaspoon of sugar 
ina million gallons of water! Astudy has also 
shown that dogs favour using different nostrils, 
depending on how the smell makes them feel. 
When it comes to physical strength and 
stamina, the moggies put up an excellent fight, 
but the hounds have the edge. There’s a breed for 











every task, and dogs are capable of going to 
extremes. Cats can run fast, witha top speed of 48 
kilometres per hour, but dogs can run fast fora 
very long time. Cats can jump high, but dogs can 
jump far, time and time again. Greyhounds can 
hit 68 kilometres per hour, huskies can brave 
sub-zero temperatures, collies are super agile, 
and there are even Newfoundland dogs that jump 
into water from helicopters to save human lives. 











Retracted claw Claw extended 


Hearing 

18 muscles help 
to move a dog’s 
ears into perfect 
position, and ee: Ae 
they can hear up Your cat’s rough tongue 
areKomantela\Valelanys 


to 45 kHz. Cat claws are part of a cat’s 
‘toe’ bone, extending and backwards-facing barbs 
retracting with flexing muscles (papillae) for ro wa 
'aalsto] ar-]alemelgele)anliare| 
Teeth 
Adult dogs have 42 


permanent teeth 
with large canines 
and incredibly 












Hearing 


Vision Their large, pointed 




















strong jaws. With light- . ears swivel to hear 
reflective layers in frequencies up to 
a their eyes, cats use 80kHz, while 
_ twice as much humans can only 
1 available light as hear 2OkHz. 
’ 4 » humans to see. _ 
ps | Smell 


As well as using their 
nose, cats have a 
Jacobson’s organ in 
the roof of their 
mouth, which they 
also use for scent. 
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The front paws have 










additional pads to protect Tail 
the bones in the foot, acting Tails help with 
like shock absorbers balance, 
communication 

and act asa 

; rudder to steer the 

Cr: Skeleton ; % body when 

The feline’s super-flexible » running at full 

spine and lack of collarbone speed. 


helps it to twist the body 
and fit through tiny gaps. 
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1d n(e)0 le] alam uome(-s-cer-JaleMice)an 
the European wildcat 
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COMMUNICATION 


Dogs and cats spend a huge amount of time 
with us. We cuddle them, stroke them and 
let them into every part of our daily lives - 
so it’s not surprising that our furry friends 
have developed intuitive ways to 
communicate with us. 

Vocalisations play a large part. Dogs havea 
hugely flexible range, including whimpering, 
yipping, growling and barking. Adult wolves 
don’t bark (although juveniles do), so barking 
has been developed through human-dog 
evolution specifically as a language for us to 
understand. Dogs will also use eye contact to 
connect with us and even follow our gaze in 
order to figure out what we're looking at. This is 
a purely domestic habit, as wolves in the wild 
don’t make eye contact with humans. 

Cat meows have an even more ingenious 
hook than a dog’s woof, however. From living 
alongside humans for so long, cat noises have 
evolved to contain acoustic patterns that 
connect with us ona subliminal level. A cat’s 
‘solicitation purr’ - a mix of purr and loud meow 
that no one can resist - uses the same 
frequency as a baby’s cry and kick-starts our 


Emotions 





and our pets 


It’s no secret that our pets seem to be in tune 
with our emotions, but how much do they 
actually know? One recent study presented 
dogs with pictures and sounds showing 
both positive and negative emotions in 
humans. They found that the animals spent 
more time focusing on the image when it 
matched the sound of the associated 
emotion. Instead of being a learned 
response as previously thought, this 
highlights that dogs can distinguish moods. 

Another recent study was able to show 
that cats exhibit - albeit modestly - different 
behaviours by taking cues from their 
owners. For example, ifthe owner was 
happy, the cat was more likely to purr and 
want to be close to them. It’s possible that 
cats associate their owner’s good mood with 
rewards, in turn making the cat happy. The 
fact that dogs show stronger reactions could 
be because they have had longer to adjust to 
life with humans. 
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Science shows us 
that pets can 

calm us down and 
make us happy 


instinctual desire to 
protect and care. 

Body language plays an even 
larger part in pet communication. 
This is how animals show their 
emotions. A happy cat that wants to be 
stroked will arch his back under your hand 
and purr, but ifa cat shrinks away, he’s not 
interested. Flattened ears can mean they’re 
worried or anxious, and hissing and spitting 
means they’re ready to fight. Conversely, when 
your cat does that curious ‘slow-blink’ at you, 
this isa relaxed gesture that means all is well 
with the cat’s world. 

Dogs also use body language in many 
different ways. When Fido’s ears are perked up, 
his head high and tail wagging, he’s a happy 
boy. But if he’s hiding, with ears down or 
flattened with his tail between his legs, thisisa 
sign of a dog that’s worried or frightened. A 
truly content dog will lie on his back, exposing 
his neck and tummy to the world. When a dog 
strikes this pose, scratch away — he'll love it. Yet 
when a cat does it, you might just get a scratch 
yourself, as this generally isn’t an invitation. 












Reactions to 
our moods 








Happy Angry 





Mouth open Tail between legs 
Tail wagging Ears back 
Energetic and bouncy Cowering, hiding 
Purring Avoidance 
Closeness Waving tail 

Slow blinking ee” Jumping up high 


Dogs don't feel guilt, so when Fido looks sorry, he’s not — he’s just reacting to your tone, smell or body language 


ROUND 3: INTELLIGENCE 


The average dog has the intelligence ofa 
two-year-old child, and they also havea 


larger brain in comparison to their body size 


than cats. However, cats have a larger 


cerebral cortex than dogs, which is the area 


of the brain responsible for cognitive 
information processing. 


As these animals are different species with 


wildly different histories and lifestyles, it’s 





comparing dog breeds for intelligence - the 
border collie wins, in case you were wondering) 
but each species has intelligent attributes in its 
own right. 

One thing to consider is training. Dogs are 
very easy to train because they love to work for 
a reward. They also learn in the same way that 
human children do. But it’s not widely known 
for cats to perform so well. This is because 
they’re fiercely independent animals, but don’t 


trained, just not in the specific way that dogs 
can (although there are some cases that claim 
otherwise). Ifyour cat wakes you up in the night 
and you get up to feed him, you’ve 
unintentionally trained him to do this again 
and again. 

Cats are very perceptive, and will use your 
actions and reactions to govern their behaviour 
as it benefits them. Some might say that this is 
an even more intelligent attribute than a dog’s 


difficult to compare them to decide who is the 


beast with the biggest IQ (as opposed to ability to do a handstand on demand! 


be fooled; although it’s difficult, they canbe 


Do our 
pets listen? 


The doggy brain interprets voices 
rather like ours do. MRI scans of 
dogs and people showed that 
similar regions of the brain 
responded to human voices - the 
first time this has been witnessed in 
non-primates. Dogs also respond to 
the emotion conveyed in the voice, 
explaining why vocal 
communication between humans 
and dogs is so successful. 

With cats it’s aslightly different 
story; although they can recognise 
their owners’ voice over that ofa 
stranger, studies show that 
compared to dogs, they don’t place 
as much significance on this and 
easily ignore us. It’s thought that 
this is because cats weren't actively : 
domesticated by humans in the | eae found ede brains react to a tee 

voice in the sar git man br ainss Ah ity 
same way as dogs. — =a % 


Numeracy 


Recent studies have shown dogs can identify 
higher numbers of dots when faced with a 
selection of images. This is likely to be because 
dogs are pack animals, and in the wild, wolves 
need to know numbers of their own as well as 
rival groups. Dogs can also detect simple 
additions and subtractions. 

But how do cats fare? A numeracy test isn’t 
really a fair game, because as solitary creatures 
it’s more important for them to be able to 
perceive size rather than numbers. This is the 
outcome of a few tests on moggies, but it’s also 
notoriously difficult to hold their interest in 
these kinds of tests, making it hard to gain a 
clear comparison! 
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German shepherds are 
bold, athletic and brainy, 
making them ideal dogs 
for police work 


DOGS 





Dogs can perceive 
numbers 
somewhat better 
than cats, who 
aren’t really 
interested in 
being tested! 
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Venus flytrap 


al VM LZ, 
Trigger bristles \\ Du} y //, 
Insects don't stand a chance when i X\ \ Md 
ie é fe] @ome) ab alom aie (ome) e = 
they FeVatomelemaantcnceul (aye plant leaf trigger the trap. > 


JaXemercbaavaeyaelvrcmV(s)elbccpinan es] ®) 
; sports a menacing-looking 
mechanism. The spiked, 

collapsible leaf is laced with drops of 
sweet nectar to lure in its insect prey. 

When a bug lands, it touches the 
sensitive trigger hairs on the Venus 
flytrap’s leaves. According to the latest 
id aKcreyavamcole(elevbarcxeyalcnet-bumolelscpaleluebiersy luis 
touching two causes the trap to snap 
closed. When the fly struggles, it’s likely ta 
trigger three hairs, which readies the 
plant’s cells for digestion, and touching five 
hairs starts the release of digestive 
SNeVAYA0s(srsee Malsyo)t-Delmecdeu-aU-)ee-lollUrsimuel= 
vasCelepelmeymobtecrciaar(cpilvelom e)colelulacrem 
depending on how large the preyis. 

Exactly how these bug-catching plants 
manage to snap shut so quickly is not fully 
understood. However, research suggests 
that itis related to very sudden pressure 
changes within cells in the trap’s leaves. 
When the Venus flytrap is open, the leaf 
tissue is held under tension. When an 
sbatstsreim CbelelsKeyemmetcnee.|er-belemparesx-)esnael= 
hairs, this tension is released and the 
leaves close in a fraction ofa second. The 
large guard hairs fold together, depriving 
the insect of any means of escape. The 
digestive fluids break down the soft parts 
of the prey and absorb the nutrients. Five to 
12 days after capture, the trap will reopen 
to expel the waste exoskeleton. 


A trap will catch three to five 
meals before photosynthesising 
Ke) ar-]qel0)alemunlas\-mante)aiuarcw-lave| 
(ofxe)e)e)iaremelamuntcme)t-lale 
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Digestive glands 
Spots inside the leaf 
secrete digestive fluids 
Fe] avem-] ossyo)g om alUiua (lal as 
1ige)aameal=m ea=\\A 
Nectar 


Marginal spines The leaves secrete a 
These protrusions of the ll nectar a 
leaf prevent the prey In Its unsuspecting 


from escaping the trap. “ee insects 


Canada’s Spotted Lake "stair 


every day of the year! 


Nestled in a mountainous, forested landscape is a 


masterpiece of nature 


ear the town of Osoyoos, in Canada’s 
N British Columbia, lies a lake covered in 

large, round patches that look as if they 
have been drawn on by hand. This amazing 
natural phenomenon appears every summer 
when scorching temperatures cause the shallow 
water of the lake to evaporate. 

Covering an area of around 16 hectares, the 
patches that give Spotted Lake its name are 
actually pools of rich minerals, including 
calcium, sodium sulphates and magnesium 
sulphate, as well as traces of silver and titanium. 
Hues of green and blue decorate the landscape, 
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and throughout the summer the spots change 
colour and shape as the minerals adapt to further 
evaporation. When the fresh water disappears, 
the bed of the lake is exposed, providing natural 
walkways through the mineral-rich pools. 

However, walking through the Spotted Lake 
pools isn’t a possibility for visitors, as it’s owned 
by the Okanagan Nation. To the native 
community of the Okanagan Valley, the lake is 
known as ‘Kliluk’ and holds special spiritual 
and historical significance. It was bought back 
from a private owner in 2001S0 that it could be 
protected from development. 
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Frog spawn ts laid in large clumps of eggs, whereas toad spawn is laid in long strings 


Life cycle of a frog 





Discover how a cluster of cells transforms into a hopping, croaking amphibian 


he cycle begins when frogs mate. The 
male holds the female ina position 
known as amplexus and fertilises her 
eggs as they are laid. A female frog can laya 
clutch of around 3,000 to 6,000 eggs. 
Within each jelly-like sphere is a black dot 
— the developing tadpole. The embryos feed off 
the surrounding jelly as they grow, and then 
once they have developed rudimentary gills and 


a tail after about a week or a month (depending 
on the species), tadpoles hatch. The hatchlings 
feed on the rest of the frogspawn jelly mass, as 
well as any algae that has grown on it. 
Throughout the next few weeks the tadpoles 
undergo a fast metamorphosis. First their 
external gills disappear, replaced by internal 
gills, which in turn are replaced as lungs 
develop. The tadpoles also grow legs while they 
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turn into froglets - strange round critters that 
resemble their adult form, while still retaining 
their powerful tail. The front legs are the last to 
develop, and the tadpole’s tail is shortened as it 
is reabsorbed into the body. 

The little frog is now a miniature version of its 
parents at just one centimetre in length. After 
around 16 weeks of development it can leave the 
water, breathe air and feed on bugs and insects. 


Amplexus 

The male positions himself 
behind his mate and holds her 
firmly with his front legs. 


Spawning 

During spawning the female 
lays her eggs, which are then 
fertilised by the male. 


Eggs 

Frogspawn is buoyant, and 
large clumps of the gelatinous 
egg mass can be seen floating 
ona pond’s surface. 


Tadpole 

After a few weeks, the small 
tadpoles hatch with external gills 
and long tails. 


Froglets 

As the tadpole grows, it 
develops a strong tail as well as 
powerful back legs. 


Metamorphosis 

In several stages, the 
tadpole grows adult eyes and 
front legs and loses its tail. 


Adult frogs 
The young frog continues 
growing once it leaves the water. 

After around three years it is 
ready to reproduce. 


Tadpoles are often seen in 
Felgetome]gele] osspucio)ani=1s[aal=ss) 
called ‘clouds’ 
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Nestled on the equator in the Eastern Pacific are islands 
so special, they changed our natural history forever 


ound far off the coast of continental 

Ecuador is an archipelago of 13 main 

islands, along with many other rocks and 
islets that form one of the most extraordinary 
ecosystems on Earth. Famous for spurring on 
Charles Darwin to develop his game-changing 
theories of evolution and natural selection, the 
scolel aia ol esr; ame) bine) ae) ossKoymuslsmer-Itcley-Fxersw tit. balers 
were first discovered in 1535 by the Bishop of 
Panama. He was on his way to Peru when his 
ship was carried to the islands by currents. 
There started a long history of the islands’ use 
by pirates, whalers and sailors alike, before 
Darwin made his famous visit on the HMS 

main islands support 


OMMUNITIES 


Ecuador 


| _ Galapagos 
Islands 


ah at=w-laliagtelismeymmaaremet-lt-l ey-le less 
_ are surprisingly tame, having 
never needed to fear humans 
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a tectonic hotspot, giant plumes of molten rock 
from the Earth’s core forced their way to the 
surface, sputtering upwards and solidifying in 
layers through the water. Over time, the new 
rock finally broke the surface, and so the 
Galapagos Islands were born. And they aren't 
finished forming yet, as volcanoes on the 
youngest island still erupt. The most recent was 
in 2009, when La Cumbre Volcano on Isla 
Fernandina blew on April 11, releasing 
Jefe Valole)eleremecniceWi ley Vices belomeatsDalm\iicclmelscnei 
volcanic ash. 

Beneath the sea, the volcanic island chain 
continues for hundreds of miles, where the 
underwater islands that failed to break the 





currents: the warm Panama current, the 
deep-sea Cromwell current and the cold 
Humboldt current. Where deep-sea currents 
collide, there are areas of nutrient upwelling, 
which produces a fertile boom of life and forms 
the base of the entire island food chain. This 
happens in abundance around the Galapagos, 
bringing oceanic visitors from far and wide to 
enjoy the bountiful buffet delivered by the 
currents. And where the oceans are teeming 
with unique species, life on land follows suit. 
One of the most fascinating things about 
these islands is the astounding array of plants 
and animals that live there. Unique species call 











‘Galapagos’ is an old Spanish word for saddle, originally used to describe the shells of giant tortoises 


penguins to be found north of the equator. 
What is more amazing is that each island has 
its own completely separate subspecies of 
many of these creatures. The region has one of 
the highest levels of endemism in the world, 
making the islands incredibly fascinating for 
scientists to study. 

But how does an island chain so extremely 
isolated in the middle of the Pacific, 966 
kilometres (600 miles) from continental 
Ecuador, bloom into an oasis of life? The 
answer, once again, lies in the sea. The 
archipelago is found along the equator; couple 
this with the presence of the cool Humboldt 
and Cromwell ocean currents and this allows 
the islands to display both tropical and 


Galapagos habitats 


The distinct environmental factors 
of this archipelago provide plenty 
of complex habitat variations 


temperate climates, a property that is mirrored 
by the array of animals living on the islands. 

Yet although the wildlife is bountiful, it’s 
also rather unevenly balanced. There are lots 
of reptiles such as marine and land iguanas, 
but no amphibians; plenty of birds including 
the blue-footed booby and waved albatross, 
but few mammals save for a handful of species 
including the Galapagos sea lions. There are 
also lots of grasses and ferns, but a distinct 
shortage of flowering or seeding plants. 

This is a direct reflection of how Galapagos 
was populated by life. Plants and animals had 
to find their way there by chance, which can 
happen two ways: by air or by sea. Grasses and 
ferns have much lighter seeds that can be 


Dry season 


Southern winds 
Trade winds blowing 
from south to north 
combined with ocean 


currents help to 


regulate the climate. 
f 


J Pampa zone 


This is the most humid 
area of the Galapagos, 
occurring at the islands’ 
highest elevations. 
Meaning ‘grasslands’, it 
full of ferns and mosses 
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Scalesia zones 

This is the lowest lying of 
the humid zones, where 
rainfall begins to increase 
and the endemic Scalesia 
forests thrive. 


Transition zone 
Separating the arid and 
humid zones, biodiversity 
begins to increase in the 
transition zone, with 
lichens, shrubs and trees, 


as well as giant — = : 


From July to December, the southern 
trade winds bring the cold Humboldt 
current to the islands. The water is 
cooler, and the highlands are 
shrouded in mist, while the rest is dry. 


January to 


Miconia zone 

This zone is very humid, 
and found between 
Scalesia and pampa 
zones on Santa Cruz and 


is San Cristobal Islands. 
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Brown zone 
Between the miconia 
shrubs and the Scalesia 
forests, foliage dies 


? i¢ | FIN te, 
“ll i | . 4 
oe . — brownish colour in the 
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blown in the wind, and seabirds simply fly 
there (bringing hitch-hikers with them on 
feathers or in their guts)! Those that arrived by 
sea are hypothesised to have travelled on 
makeshift craft -such as rats on rafts of floating 
debris - bringing in hardy, salt-tolerant seeds 
from coastal plants on the mainland. 

Because of these incredible creatures, the 
Galapagos Islands became an Ecuadorian 
national park in1959 and was declared a 
UNESCO World Heritage Site in 1978. Due to the 
amazing marine life that lives in and visits the 
surrounding waters of the archipelago, the 
area was declared a biological marine reserve 
in1986, and in1990 the Galapagos waters also 
became a whale sanctuary. 


Warm season 


June is the 


warm season - the 

climate is more tropical 
with daily rain, cloudier 
skies and warmer Seas. 





back to reveal a 


dry season. 













































Short-eared owl 


FLORA AND FAUNA 


The plants and animals of this unique 
archipelago are like no others on the planet 





The Galapagos is an ecosystem populated by 


Magnificent 4 = 
incredible living things. Probably the most frigatebird eo ‘ — 
well-known creatures that call these islands These almost-silent | rf Galapagos hawk 
home are the giant Galapagos tortoises —- huge seabirds can soar to : , 


. : staggering heights. The 
reptiles that can reach up to 1.5 metres (five feet) jiales SuFoUE thelbred 


in length and live for over 100 years! chests as mating displays. 

Each island is home to a distinct giant tortoise ; ; 
species, and there are approximately14known Galapagos mockingbird 
members of their genus. Their populations ™ 
suffered after being hunted by whalers, pirates : : 

o 7 CTF Tal mm Ke) a ve) (y=) 

and sailors, and the introduction of new | These’ quinte Seemarel 

animals to the islands led to increased . ef” Sa Galapagos residents have 

predation and competition for food. Perhaps : | y h6O- ag such a slow metabolism that 
: : , ~ Se _—sitthey can fast for up to a year. 

one of the most famous Galapagos inhabitants ° ae 

was Lonesome George - the last Pinto Island 

tortoise - who died in 2012, marking the 

extinction of his species. 

Another of the Galapagos’ superstar species 
is the marine iguana, also exclusive to this 
island chain. Despite their fearsome 
appearance, the iguanas are herbivorous. They 
are the only kind of iguana to use their long, 
flattened tails to propel them through the 
saltwater to feed on algae and seaweed beneath 
the waves. , - ae a age ae Vee 

The islands have been designated asa °* = & i ae; he - 
national park and conservation area to protect | me = Sally Lightfoot crab oo 
their incredible species diversity; ae, | - ae 
approximately 80 per cent oflandbirdsandg7  Blue-footed booby 

; Named from the Spanish 
per cent of reptiles and land mammals found Ward bobo" for teol” 
there are endemic. The waters around the boobies are clumsy on 
islands are also a protected marine reserve, land but elegant and 

; : : ; speedy in the water. 
and the list of unique species doesn’t stop on 
land. The reserve protects over 50 species of fish 
that are only found in that location. It’s a haven 
for sea turtles and even a whale sanctuary to 
protect the larger ocean visitors. 
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« ~~ \Marine-iguana 
<&* — These marine reptiles 


©) ~<can'be found lounging 
around ’on.shorelines, 
soaking up the Sun to 
Vee] daa mdalsvi axexe) (om e)(elelep 


Sir David Attenborough was 
De talal (exe mom o\-maal-mile-imKomalion 
the Galapagos pink iguana 
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DID YOU KNOW? Marine iguanas sneeze out excess salt from their bodies, leaving distinctive white patches on their heads 
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Galapagos fur seal 
These small seals can be 
seen rearing their young on 
western Galapagos beaches 
from August to November. 


















Brown pelican 






Land iguana 
Three species of land 
iguana can be found on the 
islands. They eat cacti and 
succulent plants for water. 
















Lava heron 


Flightless cormorant 
The curious evolution of this 
bird has seen it forsake the 
gift of flight to become an 
expert swimmer underwater. 





Green sea turtle 
The only sea turtles to 
nest on the islands return 
to the same beaches each 

year; hatchlings usually 

appear in April and May. Whale shark 
The largest fish in the sea 
cruises by the Galapagos 
to take advantage of 
plankton blooms between 
June and November. 






















Threats & conservation 


The delicate Galapagos ecosystem has been vulnerable to | Populations 





Galapagos penguin 


It’s thought that these numerous threats in the past, such as invasive species BOM ICN <le) 
penguins travelled to the arriving and outcompeting the natives for food and space albatrosses 
Galapagos on the Humboldt (goats and fire ants are particularly destructive), illegal are closely 
current, which brings cold fishing and human overpopulation. To tackle these issues, monitored” & 
water north from Antarctica. the various charities and foundations that look after the | 


i =_" 


islands, such as the Galapagos National Park and the 
Charles Darwin Foundation have laid out plans for 
ecosystem management as well as education, to allow 
communities of the Galapagos to be involved in the 
protection of their island home. 
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Miracle science — 
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The science of fear 
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Miracle 
science 













“Modern medicine 
can already seem 
miraculous, but the 
~ advancements on 
the horizon are even 
more incredible" 
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The science 
of fear 











REVEALED: THE BREAKTHROUGHS THAT WILL SAVE YOUR LIFE 


odern medicine would seem 
miraculous to people living less than 
100 years ago, but the advancements 
(aM P lew elevarAeyou-Vaomcai(svemenleasmeeleacrenle)(om 
Scientists and engineers from a wide range of 
different specialisms are bringing the latest 
developments together to create an array of new 
medical technologies that could completely 
transform the way we diagnose, treat and even 
cure disease. 
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down to the molecular scale, focusing on the 
minute machinery that keeps the body ticking 
over, while stem cells could provide a renewable 
source of replacements for every cellin the 
human body. Personalised medicine promises to 
tailor treatments to each patient’s individual 
genetic profile, and advances in neuroscience, 
computing, robotics and electronics are allowing 
advanced prosthetics to respond directly to 


commands sent by the brain. Vaccinations could 
one day be delivered painlessly by thousands of 
microscopic projections, while custom 

(oo) enloybatsimleversnevavirsberbbelcneymedavtccneevellomey 
printed into convenient daily pills. 

We can’t be sure which of today’s cutting-edge 
techniques will make it to the medical clinics of 
id aC=Dabimebacpmolelmursimamccrelebale)(oycarmonteyiauercmments 
rapidly, there are certain to be more medical 
‘miracles’ just around the corner. 





Liposomal doxorubicin ts g cancer medicine that enters the body packaged inside fatty nanocapsules 


NANOMEDICINE 





The molecular machinery that keeps the hope to develop high-precision 
human body running is built ona nanotechnology that could repair or 
nanometre scale. Haemoglobin molecules replace damaged cell components. 
(the proteins that carry oxygen in your Nanomaterials have already entered the 
blood) are roughly 5 to 7 nanometres in clinic, where they are being used to make 
diameter - that’s about 10,000 times capsules that carry tiny packages of drugs 
smaller than the width of a human hair! into the body. Some capsules help to 
Nanomedicine attempts tointeractwith — protect the drug from being broken down 
this miniature world using materials that as it travels to the right part of the body, 
measure less than 1,000 nanometres and others assist with targeting, ensuring 
across. Downat this tiny scale, scientists that the treatment gets to the right place. 


Nanomedicine in action 


Nanoparticles made from fatty molecules 
can help to guide drugs to the right part 
of the body, such as a tumour 





Protective coating Through the gaps sumone 
These nanoparticles are made The nanoparticles are able 

from fatty molecules known to sneak through gaps in 

as lipids. They surround the the walls of blood vessels, Si 

drug and protect it as it entering the tissues. 

travels through the body. 7 a 


Endothelial cell 





228.2 52 85 —_-s 


(J i Blood vessel 
: | Drug accumulation 


Due to the slow drainage 
into the lymphatic system, 


D deli the nanoparticles start to 
rug ae very build up inside the tumour. 
The nanoparticle is engulfed by the 


tumour cell, triggering the release of 
the anti-cancer drugs within. 















Precision targeting 
Targeting molecules can 
be added to the 
nanoparticle to make it 
stick to molecules found 
on the tumour cells. 


Tumour cell 
Drug 
Miniature ‘lab-on-chip’ 
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Growin 


stem ce Is Method 1: Induced 





+ | 
pS eo 
re Wore stops bacteria making 
J the cell walls that they need to 
ed _) >» protect themselveSmee_ 


Method 2: 

Embryonic stem cells 
These powerful stem cells are found 
in human embryos, but research is 


There are two main pluripotent stem cells limited in many countries due to 
approaches to Adult cells can be ‘reprogrammed’ ethical concerns. 
producing human by scientists to behave like 


stem cells in the lab © 


Adult stem cells 
Adult stem cells have already 
made some commitments, 





and in this state, can only go ¢ - 


on to make certain cells. 


Change culture 
conditions 

Stem cells can be 
encouraged to 
become different 
types of specialised 
adult cells by varying 
their conditions. 


Red Blood Cells 


embryonic stem cells. 





Skins Cells 





Fertilised egg ye 
The cell that is formed | 
when a sperm and egg 

combine must go on 


w to produce all of the 
—~ cells in the body. 


Blastocyst 
After around a 
week the embryo 
is a ball of cells 
surrounding a 
cluster called the 
inner cell mass. 
The stem cells in 
this bundle have 
the potential to 
become any cell 
in the body. 






Reprogramme 

Adult stem cells can be 

‘reprogrammed’ back to an 

earlier state using viruses, 

allowing them to transform 
into many more cell types. 


Culture 
The embryonic stem 
cells are harvested, 
and given signals 
that tell them to 
make copies of 
themselves. 








Muscle Cells Neural Cells Gut Cells 
Disadvantages 
x 
3 


It is predicted that 700,000 people in the United Kingdom will be living with late-stage AMD by 2020 


CURI 





THE BLIND * 


Could stem cells be used 
to restore sight? 


The London Project to Cure Blindness is a 
collaboration between Moorfields Eye Hospital, 
University College London, the University of 
Sheffield, the British Government, and 
pharmaceutical company Pfizer. It aims to tacklea 
disease called ‘wet age-related macular 
degeneration’ (wet AMD), which causes rapid loss 
of central vision. 

The team are using stem cells to grow sheets of 
retinal pigment epithelium (RPE) cells. These cells 
form a brown-coloured layer on the back ofthe eye 
that helps to absorb scattered light, aiding with 
vision, and help to nourish and protect the rods 
and cones that detect light entering the eye. The 
RPE cell layer can become damaged in wet AMD, so 
the team have used stem cells to growa patch of 
new RPE cells to replace them. 

The new cells behave just like the real thing in 
the lab, so in 2015, the first patient received the new 
treatment as part ofa clinical trial. The initial 
results of the two hour operation will not be 
known until December 2015, and after that, a 
further nine patients will be tested to find out 
whether this pioneering treatment is safe, and 
crucially, whether it works. In the future, the team 
hope to beable to use stem cells to grow new rod 
and cone cells, repairing damage to the light- 
sensing machinery ofthe eye. 
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The treatment process 


How stem cells can be WaniSTOrmient into 
specialised eye cells in the lab 







Collect stem cells 

Stem cells are able to make 
copies of themselves indefinitely, 
and are capable of transforming 
into any cell in the human body, 
making them the perfect tool for‘ 
repairing damaged tissues. 


) Add growth factors 
The stem cells are given chemicals 
called growth factors, which encourage 
them to divide over and over to produce 
hundreds of identical clones. 


Add differentiation factors 


Researchers can control what type of cell ( ; , 
the stem cells will become by using different . SS ee 
combinations of chemicals. This process is - “ 
known as differentiation. N 







Retina 


Macula 


Implant the cells 
— The layer of new retinal pigment 
epithelium cells are implanted into the 


back of the eye using a special patch. ; 
Optic nerve 


After treatment 

It is hoped that this treatment will help 
to restore some central vision to patients 
with age-related macular degeneration. 


“The specialism that 
the stem cell chooses 
varies based on the 
signals It receives 
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DEFEATING SUPERBUGS 


If we are going to survive future infections, we need to tackle antibiotic resistance 


Just like humans, bacteria have variations in antibiotics has finished, they can then go on to repeats, and there are now several strains of 

their genes that give them slightly different create an entire colony with the same genetic bacteria that are able to resist the effects of some of 
characteristics. This means that some bacteria advantages. The antibiotic you took before will no our most powerful drugs. Even more worryingly, 
will succumb to antibiotics faster than others. Ifthe longer be effective in treating the infection. The antibiotic resistance genes can be passed from one 
more hardy bacteria survive until the course of more antibiotics are used, the more this cycle bacterium to the next, and even between species. 


Antibiotic resistance How do bacteria manage to survive high doses of our most powerful medications? 














Different genes Antibiotics Some survivors Sharing genes 

Like us, individual bacteria from the Antibiotics kill bacteria or stop them Some bacteria have genetic traits that Resistant bacteria can sometimes 
same species can have slightly different dividing, and they can affect both ‘good’ help them to survive antibiotic treatment, pass their genes on to neighbouring 
genetic profiles. and ‘bad’ bacteria. so they can continue dividing. bacteria, giving them resistance too. 


Antibiotics 
Every time antibiotics are used, 
bacteria have the chance to adapt. 


How it spreads 


Overuse of antibiotics in people and 
animals is driving antibiotic resistance 








Use in animals 
Antibiotics are widely used 
to prevent and treat illness 
in domestic livestock. 







Use in people 
Many people are prescribed 
antibiotics when they do 

not really need them. 


So . \ 


oe 







Hospital 
acquired infection 
Antibiotic resistant bacteria 
can be transferred in hospital 
on unwashed hands, or on 
surfaces like door handles. 




















Uncooked meat 
Antibiotic resistant 
bacteria can turn up on 
meat, and can spread if 
not properly handled 
and cooked. 





Infection in the 
community 

In the community, 
antibiotic resistant 
bacteria can spread by 
direct contact or by 
contact with surfaces. 



















Contaminated veg 
Some antibiotic resistant 
bacteria may end up on 
the produce grown in the 
contaminated manure. 





SREREBIo 





Infected fertiliser 
Antibiotic resistant bacteria 
from animals can be found in 
their faeces, which is used as 
fertiliser for vegetables. 
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DID YOU KNOW? One of the best things you can do to combat antibiotic resistance is to wash your hands thoroughly 


Terxobactin 


The first new antibiotic 
discovered in 30 years! 


In 2015, scientists unveiled 
Teixobactin - a new antibiotic that 
has the potential to combat fatal 
infections such as pneumonia and 
tuberculosis. This latest discovery 
was found in the same source of 
many other antibiotics - soil - 
where it is produced naturally by 
other bacteria. It marks a huge 
step in the bid to control drug- 
resistant strains of superbugs. 


Teixobactin stops bacteria making 
the cell walls that they need to 
protect themselves 


£10 million 
prize to solve 
antibiotic 
resistance 


The 2014 Longitude Prize 
encourages both amateur and 
professional scientists to develop 
a test that can be used to help 
doctors choose the right antibiotic 
quickly and cheaply. Ensuring that 
we only take antibiotics when we 
need them, and that we are only 
given ones that will work on our 
specific infection, is crucial if we 
want to slow antibiotic resistance. 


The Longitude Committee will 
judge entries every four months 
until the end of 2019 


poy Co)V(2) mel able ed (=t-l e-] avers) 
mm daoMel ale Micmei(=t-] a=1e B) (@)V NAM mers lam eleli(e| 
up in the body, increasing side effects. 


ecole) mel gle Mes (2¥-]¢=]p (002) 
A few patients clear the drug so slowly 
that normal doses become dangerous. 


Gene version two 
The blood test reveals a different gene, 
1 ato] me] hV{ssowr- B=} (0)"NV(2) axe] 0 le Mel (=t-] e-] aero 


Gene version three 
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means the drug will clear very slowly. 
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Medium dose 


ai arew oy-)a(=)a1ecmaar-|mer(st-] mualomelaulem aate)a= 
slowly are given a lower dose. 


Low dose 
ai arsw ey-1ulslalecmiar-lmciua0lele|(smne ke: (st-] a aars 
drug are given a small dose. 





PRINTING 
BODY PART 


The future holds custom-printed 
drugs and prosthetics, and even 
replacement body parts 


Plastic 3D printers are a natural fit for creating prosthetics, 
but some of the most exciting medical 3D printers use a 
different kind of ‘ink’. Using precision techniques, 
scientists are working on combining different medicines 
into one compact pill. Different ingredients could be 
included in the printer to control when each drugis 
released, and custom pills could be printed for each © 
patient. This goal is still decades away, but printers could 
be used to make vitamin supplements much sooner. 

3D printers can also be used to create custom surgical 
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implants, from plates, to replacement joints, to scaffolds The gel medium 
used to encourage cells to growinto new tissues. These can be added 
printed structures can either be long-lasting or soluble. | ee 
However, 3D printers don’t just produce artificial body with the cells. 
parts; they are also able to recreate the real thing. Some 3D _ 

, Bh cin es Bioink 
printers are designed to print with living human cells, The living cell 
forming sheets of tissue that could be usedas grafts to mixture, known as 
repair damage. Researchers at the Wake Forest Institute for ‘bioink’, is stored 


Regenerative Medicine, North Carolina, are also working —_ 
on printing cells directly on to the body to repair wounds. 
Printing entire organs is the ultimate goal, but whether it is 


actually possible is a topic of debate among scientists. 


Computer 

control 
The shape of the final 
printed structure is first 
mapped out on a computer, 
providing a template that can be used 
by the printer to construct the real thing. 








A doctor in Gaza has designed a 3D-printed stethoscope that can be made for less than £e [$3] 


Cell growth Remove gel 

The framework of The gel is designed so 
cells are incubated and __ that it can be removed 
allowed to grow. They once the cell structure 


Printing | 
the cells 
The printer lays | 
down living cells 























in layers of fill in the gaps left by is complete. 
nutritious gel. It the printer, forming a 

follows the functioning structure. 

programmed | 


pattern for each 
layer to build a 
framework of 
the tissue. 
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Gel layers 

Layers of gel support the 
cells, and provide them 
with an environment that 
encourages growth. 
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Blood vessel 

The final product of this 
printer is a functioning 
blood vessel. 


Living cells 
The printed cells 
divide in response 
to growth factors in 
the surrounding gel. 


Transplant 
The printed tissue 
is then transplanted 
into the body. If the 
patient’s own cells 
were used, it will be a 
perfect match. 


illustration by Nicholas Forder 
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Painful needles could be 
replaced with harmless gel 
silicon patches in the future 


Silicon patch 
The patch is made from 
silicon, and placed on the 
skin using a specially 
designed applicator. 








A vaccine for HIV? 


Scientists at the Scripps Research Institute in Florida are designing a vaccine that could help to prevent HIV infection. 
Their new treatment blocks the virus when it tries to stick to human cells, and has stopped HIV taking hold in animals 


HIV 


Like other viruses, Human 
Immunodeficiency Virus 
(HIV) needs to find its 
way into a living cell to 
reproduce. 













Still dangerous Tail 
HIV can still stick to CCR5. The long tail 
contains a fragment 
of CCR5, blocking 
the binding site. 


CD4 


HIV gets inside cells 
by holding on to a 
molecule called CD4. 










gp120 
CCR5 HIV enters cells Antibody Modified 
Holding on to CD4. using a structure Antibodies - the antibody 
allows HIV to stick called gp120, immune system’s A modified antibody 
to another which interacts homing missiles - can prevents HIV getting 
molecule called with molecules on be adapted in the lab to close to CD4. 
CCRS5, gaining the surface of block the part of gp120 


entry into the cell. immune cells. that sticks to CD4. 





In October 20715, the first malaria vaccine was approved for use by the WHO, pending further assessments 





NEEDLE-FREE 
EBOLA CURE 
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How a nasal spray could protect against ; 


one of the world’s most deadly diseases 


"W The current Ebola outbreak 
| in West Africa has taken the 
lives of over 10,000 people 
so far, but finally a cure is 
on the horizon. For the past 
seven years, Dr Maria 
Croyle and her team at the 
University of Texas have 
been working on a vaccine that offers long-term 
protection against the deadly virus, and their 
latest tests show that it has a1o00 per cent 
success rate in primates. 

The vaccine, which is inhaled through the 
nose instead of injected, could enable fast 
control of future outbreaks and revolutionise 
the way life-saving drugs are produced. It’s just 
one of the incredible discoveries explored in 
National Geographic's new series, 
Breakthrough. We spoke to Dr Croyle to find out 
more about her work and what the future holds 
for vaccines. 





How did you develop the Ebola vaccine? 

I was contacted by two scientists who were First 
Responders to many of the Ebola outbreaks and 
very interested in my project to develop a 
needle-free vaccine. I spent two months in their 
laboratory, where they had the genetic material 
for Ebola, and we developed the vaccine, which 
is essentially a cold virus called the adenovirus. 


We took out the DNA from the cold virus that 
allowed it to replicate and make us sick, and 
replaced it with the sequence of the protein that 
covers the outside of the Ebola virus. We figured 
if we could get an immune response against 
that protein, the virus is pretty much dead in 
the water and can’t make someone sick. 


Why does it take so long to develop a vaccine? 
It’s great to rush something out to the people 
that need it, but ifthere is any chance that it 
may not be safe, that could completely destroy a 
vaccine that may otherwise be very good. So 
that’s why there is something called the ‘three 
animal rule’. Essentially you have to test the 
vaccine in three animal models that reflect the 
human disease. Throughout the whole process, 
not only did we look for the fact that there’s a 
good immune response, we also looked for 
toxicities that could cause a problem. 


What are the most important benefits ofa 
needle-free vaccine? 

A lot of places affected by the Ebola outbreak 
are very isolated villages where they are not 
used to people that aren’t part of their culture. 

It isn’t acceptable for someone outside of that to 
go after them with a needle. Plus, the nasal 
spray alerts the immune system to the areas 
where one would be exposed to Ebola - through 


The needle-free Ebola 
We-Loxel [atm iowlalat-l(s\eMmualgelele|a 
the nose instead of injected 
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cuts or abrasions in the skin - much faster than 
an injection does. 


What stage is the vaccine at right now? 

It’s ready to go. We're currently in the process of 
talking with two major companies that have 
the resources to produce it ona large scale and 
can really help to get it to the people who need 
it most. We really hope within the next year it 
will be available. 


How do you think the process of producing 
vaccines will change in the future? 

The way we stabilise the vaccine is unique and 
we think it will change the way certain 
vaccines that need refrigeration are produced. 
In our studies with mice and guinea pigs, we 
found that if we placed the vaccine under the 
tongue, it seemed to work really well. So we 
stabilised the vaccine in this thin, flexible film 
that almost looks like a fruit rollup. This way, 
we found that we could store it at room 
temperature for at least three years. We could 
then simply put it in an envelope, ship it to 
where it was needed and once it got there, add 
water to the sheet of vaccine and in minutes it 
could be used as a nasal spray. 


Breakthroughis the ground-breaking series 
about some of the world’s leading scientists and 
how their cutting-edge innovations and 
advancements will change our lives in the 
immediate future and beyond. It is currently 
airing on Sundays at 10pm on the National 
Geographic Channel. 
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DID YOU KNOW? Anomalies are detected by satellites like those used by the Gravity Recovery and Climate Experiment [GRACE] 








Gravity 
maps 


SM alow wr-Dademearedaimlererce 
colbbalommelbimelena 
eravity is lumpy 

f Earth were smooth like a ball, 

its gravitational field would be 

equally smooth, but you only 
Jats hi{em Ko ole) qelelmoyaneXcmnisnecele ane 
see that our planet has lumps and 
bumps. It is uneven both inside 
and out, and this affects our 
gravitational pull. 

Albert Einstein explained that 
gravity occurs because mass 
distorts space and time. Stars, 
planets, and even humans create 
dips in the fabric of the universe, 
and objects that come close will 
fallin to these. The more massina 
given space, the more ofa dip is 
created, and the stronger the 
gravitational field. 

It makes sense then, that Earth’s 
gravity is not uniform. The planet 
is covered with mountain ranges, 
valleys and seas, and is made up of 
chemical elements with different 
atomic weights and densities. 
Even the movement of water in the 
oceans or the melting of glaciers 
can have an impact. All of these 
inconsistencies across our planet 
create an ever-changing map ofso 
called ‘gravity anomalies’. 








Positive anomaly 
Areas shown in red have 


greater gravitational pull, ¢ rs ey 
and tend to be positioned 3 Laer oe < 


over mountain ranges. 


Mid-Atlantic ridge 
The Atlantic Ocean conceals 
part of the longest mountain 
range in the world. 


Tooth whitening 


How do you get that perfect Hollywood smile? 


he hard enamel outer surface of each 
i tooth is coated ina layer called the 
pellicle. It is made mainly from proteins 
found in the saliva, but can also contain 


trapped particles from food, drink, and 
cigarette smoke. Over time, these can cause 


discolouration. The film can be removed by 
brushing, or by scraping, sonication, or 
chemical treatments, but ifthe compounds sit 
on the teeth for too long, the underlying 
enamel can also become stained. This doesn’t 
tend to cause any harm, but it can’t be 
removed by cleaning alone. 


Dentists offer two main forms of tooth 


whitening: carbamide and hydrogen peroxide. 


They both act as bleaching agents and work to 
lighten the stains. The chemicals are most 
often applied as gels inside a specially made 
gum shield that is moulded to the shape of 
your teeth, and laser light can also be used to 
speed up the process. At-home treatments are 
also available, but the NHS advises against 
their use. The kits might not be strong enough 
to have the desired effect, and if the gum- 
shield doesn’t fit properly, the chemicals could 
leak and cause gum damage. 


Earth’s gravity 


Heat maps like this one show 
areas of high and low gravity 
across the planet’s surface 


Negative anomaly 
| Areas shown in blue have 
lower gravitational pull, 
and often coincide with 

valleys and trenches. 





Dentists can use custom-made gum shields 


and controlled laser light to whiten teeth 
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On SCIENCE 


YOUR GUIDE TO 





ll of the 118 elements in the 

periodic table are made from the 

same three key ingredients - 
protons, neutrons and electrons. The 
Jo) colneyatcesbelemalcivlaceerspestsNconelonuels 
nucleus at the centre of each atom, while 
the electrons whizz around the outside 
and make chemical bonds with other 
atoms. The identity of each atom is 
determined by the number of protons in 
its nucleus, known as the atomic number. 
Hydrogen has one, helium has two, 
lithium three, and so on. The periodic 
table lists the elements in this order. 

Protons are positively charged, while 
electrons are negatively charged; an 
atom will have an equal number of each. 
The electrons are arranged in ‘shells’ 
around the nucleus. Each row of the 
periodic table represents a new layer of 
electron shells, and each column 
represents how full the outer shell is. For 
example, elements in the first column of 
the periodic table - including lithium and 
sodium — have just one electron in their 
outer shell, while those in the second 
column -such as beryllium and 
magnesium — have two. 

The number of electrons in the outer 
shell affects how the element behaves, so 
those in the same column have similar 
properties. Atoms like to have a full outer 
shell of electrons, so those with one or 
two extras are keen to give them away, 
and those with gaps want to fill them up. 
Ifyou drop any of the elements from the 
first column into water, they will fizz, 
flame or even explode as they race to 
share their spare electron with other 
atoms, but ifyou did the same with the 
elements in the last column, nothing 
would happen. These elements have a 
full outer shell, so don’t need to share 
their electrons with other atoms. 

WW Coksj moyinwoCexs) (sveslcvelacpeemualcmelcvaleyenle 
table occur naturally on Earth, but any 
rc (raeleyolmelcre\ralcy mm etc bew(ar-Compelenenlelsyasy4 Bis 
unstable and gradually undergoes 
radioactive decay. Elements heavier than 
uranium (number 92) have to be made 
artificially. Join us as we explore the 
Jolsy a Colon (onrclo)(<mrcbelemelcJhi(cpeelnonmarc. 
elements that shape our everyday lives. 
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These elements each have a spare 
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bound to other elements. 


Alkaline earth metals 
These elements have two spare 
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reactive. Like the alkali metals, they 
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The chemical elements have more 
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How to read the periodic table 


There are three key pieces of information 
r=] oLel Ui m=ys(e1p =) (=)pn(=) a] mm kom (ele) @olel mie) s 


PAN Woyaal(omalelanloys)g 

ai atcw-1ke)pal(omalelaniey=)@nns)| SMVelem ale) 
many protons each atom has. This is 
different for every element. 


Chemical symbol 

Each element has a one or two letter 
symbol. It is often based on Latin, and 
may not relate to the English name. 


PAN Ko) nn) (om gate so33 

Some tables also give the atomic mass, 
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Hassium 
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Actinium Thorium Protactinium Uranium Neplunium 








Element number 101 is named Mendelevium, after Dmitri Mendeleev, who invented the modern periodic table 


THE ELEMENTS 
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The elements in the The halogens are These elements have a 
In the 1800s, just 63 of the 90 naturally occurring imo) om ale lal mexe]aat-1are i nalscilate elat= complete outer shell of 















elements had been discovered, and many scientists tne paviedietarle Seon rom tell Sekt E lala: 
a ” ee are the non-metals. outer shell, and will with other elements. 
tried and failed to come up with a system of organising Most are gases or react violently with 
them. The puzzle was finally solved by Russian solids at room the alkali metals to 
temperature. form salts. 


chemist Dmitri Mendeleev in 1869. He arranged the 
elements in order of their atomic mass, and noticed 
how elements with similar properties grouped 
together periodically. While others had tried to order 
them strictly according to atomic mass, he wasn’t 
afraid to move elements around, leaving gaps where 
he thought that undiscovered elements should sit. 


Transition metals 
The elements in this block have more than 

ro) arom oY-] mare lINAMal (stems) (c\e1ge)amcval=)| Amel iVlalemuatcian| 
Talks) qctsin lave ovals) anl(or-]me)ae) elcad(=1-" 











114 OUD 19) Lv 


r 
scfm; 
Tisfey fr, three ius 
3 . 
ee 
aoe . a” om i 
Sai Pe ae | 
aa aT Te ears Lear eet 
* © eee? Tied eee” vipa 
one Ste ei a i 7 im A we 
ahe g aha af fi, oe oe oa 5 a aa 
oe Page @ ie a8 Pee we soa Fete ee 
4 
ts f 


Ununpentium | Livermorium 








ten ; 
Finn 
= few 


Hlernviinn 


Th Ai 65 | 
*. 
Sy 


wa ot = | _ 7 
Terbium yspr ! . % ' Lutetium 


¢" e "3" ‘e 


Plutonium Americium ur Berkelium Californium Einsteinium Fenmium : ae Nolelionmn Lawrencium 























© SPL 


‘The puzzle was finally solved 
by Dmitri Mendeleev In 1869" 
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Heat resistant glass 


Borosilicate glass, which is found in the 
kitchen and in the lab, contains at least five 
When an electric current is passed through per cent boron oxide. Boron has a high 


the gases, they become excited, and when melting point, which helps the glass to resist 
they drop back down to a normal energy thermal shock, going from hot to cold and 
level, they release photons of visible light. back again without shattering. 


Look around and you'll discover 
dozens of different elements 


Gas-discharge lamps 


These lamps typically contain neon, argon, 
krypton, or xenon, which are noble gases. 








Coins 


In the UK, 1p and 2p coins are made from copper- 
plated steel (iron and carbon), 5p and 10p coins 
are nickel-plated steel, 20p and 50p coins are 
cupro-nickel (copper and nickel), and £1 and 

£2 coins are nickel-brass (copper, nickel 
and zinc). These elements are cheaper 
than gold or silver, and durable too. 















Fireworks 


The colours of fireworks are produced 
using various combinations of elements, 
which burn with different coloured 
flames. Strontium and lithium salts burn 
red and calcium salts burn orange, while 
sodium salts burn yellow, barium salts 
green, and copper salts blue. Purple can 
be made by mixing strontium and copper. 


cic 


Smoke detectors 


Many smoke detectors contain small amounts of 
americium. This radioactive element releases alpha 
particles, which ‘knock’ electrons away from gases in 
the air and towards a positively charged plate in the 
smoke detector, generating a current. When smoke 
gets in the way, the current stops and the alarm sounds. 
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The radioactive element radium was once used to make glowing backlights in wristwatches 
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Hydrogen is the smallest element, 
and formed in vast quantities after 
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- of our body weight. It is 
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stars with enough heat and 

pressure to trigger nuclear fusion; 

inside the stars, the nuclei of 

hydrogen atoms slammed. 

together, fusing to form helium. 
Asthestars aged, the helium 

atoms started tocreateeven ~ : 2 

heavier elements, including 





carbon, nitrogen and oxygen. a 
Depending on the mass ofthe star, 2 ee: 
this process sometimes > ee 


continued, producing the nuclei of — 
pase simeyanelens)(cvealcvelecmoloncopeleneslelsye 
26, iron. After this critical point, 
fusion reactions stop releasing 
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lsolating 


deadly 


diseases 


When serious infection strikes, 
biocontainment units work to keep us safe 


azard group 4 pathogens - suchas 

smallpox, Lassa fever and Ebola - cause 

severe human disease. They are likely 
to spread, and there is usually no effective 
prevention or cure, so when infected patients 
come through the door, hospitals must act fast. 
The patients may be rushed to a separate 
facility known as a biocontainment unit. There 
are only asmall number of these facilities 
worldwide, and every detail is geared towards 
infection control. 

Biocontainment units are designed to be 
isolated from the main hospital, providing 
everything that the staffand patients might 
need in one safe, sealed space. The rooms have 
facilities for normal, high-dependency and 
emergency care; there are en-suite bathroom 
facilities, and staff can even perform minor 
surgery. Dedicated lab facilities allow tests to be 
performed immediately, without the need to 
transport dangerous samples. 

To minimise the chance of airborne 
pathogens escaping into the hospital, these 
units have their own dedicated ventilation 
systems, and the pressure inside is kept slightly 
lower than the pressure outside. This means 
that air will have a natural tendency to move 
inwards, creating a constant breeze that helps 
to blow any infectious particles back inside. 

Allair leaving the facility is first passed 
through high-efficiency particulate air (HEPA) 
filters. These dense mats of glass fibres block, 
slow and stick to particles, filtering 
contaminants and preventing their escape. The 
filtered air is released high above the roof of the 
hospitals, dissipating into the atmosphere. 

Inside the unit are clear divisions between 
the rooms. Staff members enter through 
designated areas to don their protective 
equipment, and exit through different areas to 
take it offagain. The rooms are fitted with glass 
panels and intercom systems, and CCTV allows 
close patient monitoring, while minimising the 
risk of infection. 

Nothing that goes in to the unit can come out 
until staff are sure it is clean. Items like suits, 
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eas 
. = Patient rooms 
Autoclaves Rooms are equipped to 
sterilise deliver high-level patient 


care, with facilities for 
intensive treatment and 
even minor surgery. 


equipment with 
high pressure 
and high 
temperatures 









swabs and spoons are sterilised, either by 

searing steam or high-heat and high-pressure 

autoclaves. Disposable items are burnt. 
Patient waste is bleached until nothing 

can survive, lab samples are dunked in 

sterilisation tanks before they are 

taken for testing, and some 

equipment is exposed to burning 

ultraviolet radiation. All of these 

measures help to ensure that 

the patients inside and 

outside the unit receive the 

best possible care, while 

minimising the risk of 

further infection. 


Inside a 
biocontainment unit | 


The extreme measures that 


help to prevent outbreaks En-suite facilities 


Each patient has access to : 
bathroom and shower facilities. Y 


Surgical cap —— | @@™_——— Goggles or 
- face shield 


Respirator ge 


Muttiple_ A) 
gloves 
Apron wa 





fi Overalls 





JID YOU KNOW? There are only four specialist biocontainment hospital units in the US and two in the UK 










Protective equipment 
Staff in the unit are provided with 

protective equipment for 
interaction with the patients. 


Decontamination 
shower 

Emergency facilities are 
present on site in case any 
staff member is exposed. 
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Windows and intercoms 
CCTV, windows and intercoms allow 
staff to communicate with patients 
without having to enter the rooms. 




























Waste management 
Disposable waste is first 
sterilised with steam, heat and 
pressure, and is then incinerated. 
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Negative pressure 
Pressure inside the facility is lower 
than it is on the outside, so air 
flows inwards, helping to prevent 
infectious particles from escaping. 


Lab 













= ; - The samples are tested in 
Sterilisation _ ——— their own dedicated lab, Bleached 
Samples are dipped in ae under the same high-level waste 





sterilisation fluid before 
they go to the lab. 


controls as the facility. Liquid waste from 
the unit is bleached 
for several minutes 
to kill or deactivate 

any infectious 


material present. 


a 


“Nothing that 
goes in to the 
_ unit can come 
‘out until staff are 
sure it is clean” 


Sample tubes are dunked to sterilise the 
outside before they are sent for testing 
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Explained: The biology of 
{ being afraid & why this aera 
emotion iskey tc to your survival... 
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Studies show that we Identify images of snakes and spiders more quickly than non-threatening pictures 


ome alone at night, you hear a loud 
crash. In an instant your heart starts 
racing, your muscles tense and your 
breath quickens. You are immediately alert, 
primed to fight or flee the source of the sound, 
which turns out to bea pile of books falling off 
that shelf you've been meaning to fix. But in that 
moment, your brain and body reacted as if you 
were in mortal danger. 

Fear is one of our strongest and most primal 
emotions. It’s a big bad world out there, and 
being afraid of certain things protects us from 
potential danger to make sure we survive. Some 
evolutionary fears are hard-wired into our 
brains, but we can also develop new fears 
throughout our lives. As children we pick up on 
what makes our parents anxious, and we may 
also learn to fear certain things after negative 


AsV (trol asm aalelacmeligcl(eme)miiarels 
alcetsxcmlamaatsMel-l¢ @mae-lual-lancarela 
the darkness itself 


experiences. Despite this, most of us are able to 
ignore our fears when it’s clear we aren't in any 
immediate danger. We can enjoy the view from 
the top ofa skyscraper rather than worry about 
falling, or turn out the lights safe in the 
knowledge that a predator won't devour us in 
the night. 

However, people with phobias have an 
excessive fear response that causes both 
physical and psychological distress. These 
extreme fears are divided into three different 
groups: agoraphobia, social phobia and specific 
phobias. Agoraphobia is generally referred to as 
the fear of open spaces, but it applies to the 
dread of any situation that is difficult- to escape 
from, or where help would not be available if 
something went wrong. Social phobia is the 
intense fear of interacting with people or 


The fear of heights helps 
Uicwe he) (eI =] | omnatclmexele] le 
injure or kill us ®& 








performing, while specific phobias are the fear 
ofa particular situation, activity or thing. 

These irrational fears can cause major 
disruptions to everyday life; somebody with 
acrophobia - an extreme fear of heights - may 
experience a panic attack simply trying to walk 
across a bridge. Depending on the trigger of their 
phobia, sufferers often go to great lengths to 
avoid situations that could affect them. 

The cause of phobias is not always clear, but 
many cases are linked to experiencing or 
witnessing a traumatic event. For example, 
somebody may develop cynophobia - the fear of 
dogs — after being bitten. But whether the trigger 
is rational or irrational, as soon as the brain 
registers a scary stimulus, it activates the 
fight-or-flight response, thus preparing the body 
for action. 


FAV ida ole le] am anlessiumjar-].<ow-lalemc)e)(e(cl4 
species aren’t poisonous to us, we 
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FIGHT OR FLIGHT 


How your brain and body trigger this 
evolutionary survival instinct 


Under normal circumstances, sensory information 
from your body is sent to the thalamus in the brain. 
The thalamus relays these signals to the cortex and 
the hippocampus for further processing, to 
provide a better understanding of what you're 
experiencing and put it into context. This analysis 
is forwarded to the amygdala, which triggers an 
appropriate emotional reaction to the situation. 

When your brain receives signals that indicate 
some kind of danger, the course of action is slightly 
different. The process above still occurs, but this 
higher-level analysis takes precious time. The 
fraction ofa second it takes to fully understand 
what's happening might be the difference 
between life and death. To make sure your body is 
instantly prepared to face a threat, the thalamus 
also sends the raw sensory information via a 
shortcut, directly to the amygdala. 


Fear on the brair 


What happens when the brain 
goes into survival mode? 


Thalamus 

The thalamus is the first 
port of call for most 
sensory signals from the 
body. It relays this 
information to the 
relevant areas of the 
brain, like a switchboard. 


Hypothalamus 
The hypothalamus’s primary 
role is to maintain 
homeostasis - keeping the 
body in a stable condition. It 
also regulates the secretion 
of hormones and initiates 
the fight-or-flight response. 


Amygdala 

The amygdala processes our 
emotional reactions and plays 
a role in decision-making and 
the formation of memories. It 
moderates our responses to 
events that affect our survival. 





Assoonas the amygdala is alerted, it signals 
the hypothalamus. This part of the brain activates 
systems that release a cocktail of around 30 
different hormones into the bloodstream. One 
hormone in particular, adrenaline, causes a 
variety of physiological reactions all around the 
body. For example, in the lungs it makes smooth 
muscle cells relax, expanding the air passages so 
more oxygen can reach the blood. It also stimulates 
cardiac cells so the heart beats faster, and makes 
muscles in the eyes contract to dilate the pupils. 
The physical changes produced by this sudden 
flood of hormones make up what is known as the 
fight-or-flight response. This instinctive reaction 
gets you ready to either take a stand and defend 
yourself, or escape to safety. 

Not many ofus experience life-threatening 
situations day-to-day, so more often than not our 












A fear of flying is relatively 
(oxo) galante)amer-]acemant-\Vmal-hVicmaerelecm a 
the evolutionary fear of heights 


fight-or-flight response is triggered by a false 
alarm. The moment of panic you feel after hearing 
aloud bang, for example, is because neural signals 
from the shortcut reach the amygdala first. The 
fight-or-flight response automatically kicks in 
before the brain evaluates the situation, justin 
case. Once the amygdala receives more 
information and concludes you aren't in danger, it 
signals the thalamus to stop the fight-or-flight 
reaction, returning your body to normal. 

The human brain is hard-wired to prepare for 
the worst; it may seem silly to treat every loud 
noise as a danger, butifthe threat turns out to be 
real, this overreaction could save your life. 


Sensory cortex 

Specific regions of the brain analyse the 
sensory information from each of our 
different senses. They process the 
Signals passed on from the thalamus to 
give them meaning. 


a! 


Hippocampus 

The hippocampus plays an 
important role in long-term memory 
formation. It compares incoming 
sensory information to past events 
to help establish a context for the 
situation you face. 


* Stimulus ) Act first =) Analysis | Fight or flight? (= Judgement 

= = When a potential threat Gs The first pathway w= The same information - The hypothalamus e« Once the situation has 
is detected, the thalamus immediately assumes is sent along the more activates both the been analysed by the 
sends signals to the there’s dangerevenifthere  investigativeroute.Signals sympatheticnervous longer pathway, the 
amygdala viatwo different isnone-asaferoptionthan fromthethalamusaresent system and the adrenal- hippocampus sends 


pathways. Onerouteisfast vice versa. It goes directly to the sensory cortex, cortical system to trigger signals to the amygdala to 
and direct, while the to the amygdala, which whichinterpretsthedata, — thefight-or-flightreaction. eitherseize the fight-or- 
slower path analyses the sends signals to the followed by the The impulses and flight response if there is no 
situation and decideswhat hypothalamus to initiate hippocampus, to analyse hormones produced danger, or to maintain it if 


should happen next. 
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the fight-or-flight response. 


the context of the situation. 


prepare the body for action. 


there is. 


DID YOU KNOW? The ‘Wilhelm scream’ sound effect has been used in over 2oo films, from Star Wars to Toy Story 





Hormones 

The activated sympathetic 
nervous system and adrenal- 
cortical system release dozens of 
lave) a nate)al=som alco daiem 0) (efele(-iuast-]aa mike 
cause changes in the body. 


NV Vive feerayV(ere 


Anatomy re) fear The pupils dilate to let in 


The extreme reactions that occur when more light, so you can take 


rey ll am sfele\VAi-m olUj mela Mm alicia lee] (2) as Tamantela=Meym'colelae-ielqaele)aceliare |= 
J ene. = and identify the threat. 


Respiration increases 
Faster breathing sends more 
oxygen to your muscles to 
prepare them for action. 


Heart rate increases 
a Mat=m areaanve)arssowelel alate) ilatcwelare| 
noradrenaline are released to 
increase your heart rate, 
-)are [ale mane) gem e)lelelemuemyelelg 
muscles and brain. 

s- 





Goosebumps 
As your muscles tense 
up, the small hairs on 
your skin are forced 
upright. This evolutionary 
reflex probably helped 
fol] au ave} i ale) r=) arexctine) om (010) 4 
bigger and scarier. 


Cold sweat 
b(ol0] mu xele \Var-lalacel | ey-1Ksts) 
Tanlaaevelr-1nm-load(o)a PEsie) 
you pre-emptively 
start to sweat in 

fo) ge (=) ko .(=1>] ok exele) B 






- Butterflies Energy boost 
Blood flow is diverted Your liver starts 
_ away from non-essential breaking down 
| systems suchas glycogen into 
cic igestion. This causes the glucose, ready to 
nervous ‘butterflies in supply the body with 
~ your stomach’ feeling. —_ instant energy. 


‘The time it takes to 

p | understand what's 

® / © happening might be the 

7, | difference between life 
| ond death ” 












[a 


[sj Celole maul al-mere)(a| 
The vessels in your skin 
oro) al>iua (elma Kom a(=)/eMe/ (21a manlela>) 
blood to your muscles and 
reduce blood loss from 
potential injury. This makes 
you feel cold. 


lateldiale Mane cves (as 
\VCoya=m 0) CoXorem iow 0) Ulan] el=cem ne) 
the muscles so you can 
defend yourself or make 
a quick getaway. This can 
make your limbs feel 
tense and twitchy. 





Why do we scream? 


Screaming is an innate reflex; it’s usually the However, the study showed that when we 

first thing you do when you’re born. Although hear a scream, the signals are sent straight to 

ViVcoMaal(e] aimee] se mcvol cav-lanmageaam=y.coueclan(=\alme)s the amygdala to activate the brain’s fear © 

pleasure, it is most often a cry of distress. response. The team also found that ‘rougher’ 

Researchers from New York University screams - those that change volume more bs 

conducted an experiment using brain scans to quickly - were the most distressing. The results 

see how our minds react to screams. When we show that screams are a very effective method 

listen to normal speech, what we hear is sent to fo) moxe)palanlelaliorsiule)amiamalelaat-latcmm Wars\vaarelere) nih, 

1d al=¥r=]6(0 |] Ke) m/Mexe) a X=) @ 0) ml 8) coler=s<3-) [ale Boo MN Mer-] a) lav=}| omexo)a\V=\/ae l=] ale (=) em ole) mr-] YOM alc) | OM pat-).(oma a lessi=) Screams are an example of a 
make sense of the sounds. WViateMatetclamdatclaaMaalelacWel (clam universal vocalisation; they are 


the same in every language 
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ARE FEARS GENETIC? 


Your phobias could be passed down through generations in DNA 


It was previously assumed that all irrational fears 


are learned through personal experience or 
taught to us by others. In cases where a person 
develops a phobia related to a traumatic event in 


their past, this is most likely the case. If somebody 


nearly drowns while swimming in the sea, for 


instance, it wouldn't be surprising if they develop 


aquaphobia, the fear of water. The brain makes a 
connection between the situation and the feeling 
of pain and panic, and commits it to memory. 

1s (ON N(=at(e) om Lem Kop Loy vamereered elmaat-imcve)esl=ye)eleleytets 
have a genetic origin. Identical twins are more 
likely to share the same irrational fears than 
non-identical twins, even if they are raised apart 
from one another. 

Experiments with mice have shown that fears 
they develop can be passed down to their 
children and even their grandchildren. The mice 


Inheriting fears 


A study with lab mice suggests 
that fear is a family affair 


Shock 


Every timethescent | 


is released, the | 
mouse Is givena | 


eT=Ta=i a (omet ar-lare (=) 
aayi(e m=) (=xe1u gd (em) alelel.@ 


Bi avemexe)alelid(e)aliace mer-]0|s\-1epr-| 
Jpat]|meolar-lale(omiamualcmey-lacvale 
mouse’s DNA, which was 

Talatsyaincxem e)’aidal=m ele) ok 











Future generations 
The study found that a 
second generation of pups 
were also more sensitive 

1 Kor (ex=1k0) 8) al=)a (0) a(oe 
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were conditioned to fear the scent of 
acetophenone -a sweet smelling chemical. 
Researchers found that the pups, and even the 


grand-pups, of the conditioned mice were startled 


by the scent too. 

One explanation for this could be that parent 
mice communicate with their pups to effectively 
teach them what to fear. Studies have found that 
when mice are scared, they release pheromones 
that act as an alarm signal to other mice. 
However, in the acetophenone experiment, the 
pups proved to be sensitive to the scent from the 
very first time they encountered it. What’s more, 
some pups of conditioned mice were fostered by 
non-conditioned mice. The non-conditioned 


foster parents were not afraid of the scent, but the 


pups were, suggesting the fear’s origin was 
genetic rather than social. 


Jants)| eo) mrelexsixe)e)al=vare)ar-mVV ivan i Evare| 
becomes startled by the scent alone. 


Pups 
ai at=mexe)arelin(e)ar=vomanleleseM aleis 
pups, some of which are given 
ion ave)abrexe) are lid (e)al=\emcesitalg 
—_— to be raised. 


(TEE 


Foster parent 


passed on socially. 


polor= | q=16 fy 0] 6] os-3 
Both sets of pups are startled by 
the scent of acetophenone, despite 
never ee it before. 





Scent 

The mouse is exposed to 

1 al =ic{or=) a] me) mr[ex=1K0) ©) al=) ale) alen 
a chemical that smells like 
cherry blossom. 






The foster mouse doesn’t 
react to the scent, so it is 
unlikely the pups’ fear was 


It is not clear exactly how the conditioned fear 
is passed on to future generations of mice, but the 
current theory is that it is down to something 
(of VUT=Xo =) 0) Fex=yol=ju lop bev alsyale-be(e-me NM alcmeyarcaneret| 
conditioning process leads to chemical 
sasLolenui(er-iuloyelsnaer-imel st-belxouescyalcncn.¢e)aasii(e)e} 
(which genes are switched on or off), without 
changing the DNA sequence itself. The 
researchers found that the conditioned mice and 
their offspring developed more scent receptors in 
their brains compared to non-conditioned mice. 
With more ofthese receptors, they can detect the 
Jo) Carsi=) 8 leone) r= (ec2 (0) 0) acvele)alexsim (Os) mee) elecrelacslule)ets 
and so are alerted to it more easily. 

Epigenetics is a relatively new area of research, 
but it stands to reason that fears and other 
memories may well be inherited this way in 
Jalbbeetsbalsnneley 


“Sets of identical 
twins often 
share the same 
irrational fears” 


i 





\ Coyabrere)alelinieyarcre 
mouse 

The foster parent has not 
been taught to fear the 
smell of acetophenone. 























A growing fear in the modern world is nomophobia - the fear of being without a mobile phone 











































People with damaged 
amygdalas are more complacent 
around potential threats 





Sometimes it is just the thrill 
that makes people take 
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SCARED TO DEATH 
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\ 
It’s notjusta figure ofspeech-itturns , canhaveasignificant regative — 
out you really can die of fright. The on your health. The fight-or-flight 
adrenaline released during the response suppresses the immune 
fight-or-flight response can be system, leaving you vulnerable to 
damaging in large amounts. illness. Going into survival mode ona 
This stress hormone regular basis can lead to digestive 
encouragestheheartmuscle disorders as this non-essential system 
Regularly activate tocontract, butifyourbody — isrepressed. Long-term stress can also 
fight-or-flight response ; j 
through anxiety or releases too much lead to weight issues by disrupting the 
stress can cause serious adrenaline, your heart is metabolism; elevated levels of cortisol 
healt aes unable to relax again. can make the body less sensitive to 
Adrenaline can also insulin. Muscles that are constantly 
interfere with the cells tense and ready for action can cause 
that regulate your heart headaches, stiffness and neck pain. The 
rhythm, causingittobeat list doesn’tend there; chronicanxiety = 
abnormally, which could has also been linked to cardiovascular : 
be lethal. problems, asthma and insomnia. Sucha © 
While not directly broad range of effects can be harmful to g 
_ deadly, prolonged anxiety both physical and mental wellbeing. E 
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Exposure therapy 


Fear is an instinctive - involves facing your 
TUlavanee] mant=evar-lalician| fears one step at a time 


that helps protect us 
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Rariganog “The patient learns to associate their 


phobia trigger with more rational, 


positive thoughts © 


Exposure therapy 

The aim of exposure therapy is to 
gradually desensitise the patient to the 
source of their phobia. The patient ranks 
situations from least to most terrifying. For 
example, an arachnophobe might place 
thinking about a spider at the bottom of 
their list, and having a spider crawl along 


” Research suggests 
that CBT actually 
(ore 10 foxes ©) a\As) [ere] | 

p changes imomaal-Nele-lin 


Cognitive behavioural therapy 
The aim of cognitive behavioural therapy 
(CBT) isto change how we think about 
certain situations. It is thought that irrational 
anxiety issues are caused by a patient's 
negative interpretation of events, rather than 
the events themselves. CBT isa talking 
therapy that helps patients assess their 
reactions to situations, replacing the worry 
cycle with more useful or realistic thoughts. 
Patients’ brain scans indicate that CBT 
reduces the overactivity in the amygdala and 
hippocampus associated with phobias. 
Studies have also shown that CBT isas 
effective as medication in the treatment of 
many anxiety disorders. 


their arm at the top. The patient works 
with a psychologist to systematically work 
their way through the list, using 
relaxation techniques or other coping 
mechanisms until they are comfortable 
with each stage. The patient’s brain learns 
to relate each scary situation to being 
calm, reducing their anxiety. 


Therapists can . 

(ore) aid ge) ma are) 

virtual 

Tere) alt=] a (ema ne) 7 
suit the 


patient’s 
progress 





Virtual reality therapy 
Exposure therapy isn’t a viable option for 
all phobias, but modern technology offers 
an alternative. Advancements in virtual 
reality systems mean that patients can 
now face their fears through a headset 
rather than in the real world. This allows 
patients to face any number of situations 
relating to their phobia, while knowing 
they are inno physical danger. For 
example, somebody with a phobia of flying 
can take a course of sessions — in which 
they board a virtual plane and experience 
announcements, take-off, turbulence and 
landing - without having to buya plane 
ticket each week. 








DID YOU KNOW? Anatidaephobia, the fear that a duck is watching you, Is fake - It was invented for ag cartoon 


TOP 10 STRANGEST PHOBIAS 


WM alemaslorsimecacbentelemelelelettsxcirsveemeceeemeslaleetslelcrchecy 
but others are completely bizarre 






















: o “ Trypophobia 
Papaphobia ae a (=11(0)e) alee) fe) j | An intense fear of 
An irrational phobia Fear of the Sun, sunlight, _ j small holes a 
of the Pope ola ova ielaimitelaias or bumps a 
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Pre : ed ace) ete)e)arelel t= 
Xanthophobia im W a\=Wiey- lee) me (=\"2)(0) 9) ale) 
The fear of the colour or 
: re) ate) 8) fa. 
Vo) ce AVZ=11 (0) 





sToyantalielace)e) t= 
The fear of 
falling asleep 








_ Soceraphobia 
An irrational fear of your | 
parents-in-law 





_ Arachibutyrophobia ~ Omphalophobia 


(OM Wabhalcesinelel qm Dast-baetciancala) 


Lutraphobia 
Terran Onaltrecr wMat-Wict-lolm at-\Ulavem ol-t-laleim oleinc-yg The fear of belly buttons 
Bhattere _ stuck to the roof of your mouth 
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The search for alien life 


Space weather 


Parallel universes 


What is the 
universe made of? 


Clean and tidy galaxies 


The search 
for alien life 


Taking the Solar 


System’s temperature oy ae as in 
Seeing back in time ‘s 


Living on the Moon 


What makes a 
planet habitable? 


What is a 
gravitational well? 


Cannibal galaxies 


Interstellar space travel 





' : + Parallel 
as = . universes 
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Interstellar 
space travel 
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THE SEARCH FOR 
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Hours of 


The telescopes will spend thousands of-hours 





UND-BREAKING SEA 
COULD PROVE WE’RE NOT ALONE 


Parkes Telescope 
This 64-metre movable radio 
telescope is located in New 
South Wales, Australia. 


fe Fe ts) 





oro] Ulalalemualomelaliv{2) eciom ce) me=t(e]al-] emexe) pal ey-]acve 
to tens of hours in previous projects. 


n this possibly infinite universe, could Earth 

truly be the only inhabited planet? Are we 

really that special, or is the universe 
actually teeming with life? Could there be 
advanced civilisations out there trying to make 
contact right now? In July 2015, Russian 
entrepreneur Yuri Milner and renowned 
physicist Stephen Hawking announced an 
ambitious new initiative to search for 
communications from advanced alien worlds. 
Breakthrough Listen is described by the 
National Radio Astronomy Observatory as “the 
most powerful, comprehensive, and intensive 
scientific search ever for signs of intelligent life 
in the universe”. 

The initiative has set aside $100 million (£66 

million) over ten years to listen for signals from 
the nearest million stars in the Milky Way, and 
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from the nearest hundred galaxies around us. 
Led by a team of internationally renowned 
experts that includes Astronomer Royal, Lord 
Martin Rees, the project will use some of the 
world’s largest and most powerful telescopes. 
The search is based on the idea that among the 
hundreds of billions of stars in our close 
galactic neighbourhood, there are thousands of 
planets similar to our own. With the right 
environment and optimal chemistry, many 
scientists believe that life could evolve on some 
of these distant Earths. 

If life exists on other planets, so too might 
intelligent life, who like us, could be interested 
in exploring the universe around them, andin 
making contact. This is not the first time that 
Search for Extraterrestrial Intelligence (SETI) 
experiments have been attempted. Dr Frank 
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RCH FOR LIFE. 


Green Bank Telescope 
Located in West Virginia, this is the 
Felae(essi mm pale)¥é-] 0) (2M e-[e| (om k=) (=t>1e0) elma) 
the world, with a100-metre dish. . —. + = 





Search time 
The Green Bank telescope will spend 20 
per cent of its time hunting for alien 
civilisations, while the Parkes Telescope 
VAVZ1| Me (slo |[or-] (240m 02) arex=) a) 


Automated Planet Finder Telescope 
The Lick Observatory in California will hunt for 
optical laser messages in case they are being 
used instead of radio signals. 
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Drake, author of the Drake Equation and one of 
the scientific leads on the Breakthrough Listen 
project, was among the first to start scanning 
for extraterrestrial life back in1960. The 
Breakthrough Initiative builds upon more than 
50 years of experience, allowing the team to 
look further and wider than ever before. 

So far, we have no proof that life has ever 
existed on any planet other than Earth, but if 
we can find just one example elsewhere, it will 
completely change the way that we view the 
universe. As Frank Drake said at the 
Breakthrough launch, “Right now there could 
be messages from the stars flying right through 
the room, through usall. That stillsendsa 
shiver down my spine. The search for 
intelligent life isa great adventure. And 
Breakthrough Listen is giving it a huge lift.” 


One of the first promising signals detected by a SETI experiment was actually from an American Ue spy plane 





Scanning for alien transmissions “The search for intelligent 
HES araHlere Ehoet powarhilialaercnee life is a great adventure” 





Dr Frank Drake 
Optical lasers _ € ff 
. If civilisations are using lasers i ?: . 
to send signals instead of 
radio waves, the Lick ee a hy » 
Observatory will pick them up.” - ~ : tie? r ; . . . 
‘ 
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. Breakthrough Listen 
_ will examine the 100 , 
- - o% — closest galaxies. 
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Sensitive search 
aD aews)le|ar-licm=)act-],4unlaele le] am mince micm (eye) diate] 








| A aliiiceda) stars ae me ate for could be produced by equipment less 
The survey will cover the closest : powerful than some of the technology we 
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for signs of intelligent life. 


The Arecibo Observatory was 
’ used to send Earth’s first 
foro) aalanlelalloreia(elal el=t-lece) ami al neds) ey-[er>) 


The searchfor [tier 
intelligent life ! 


right) Martin Rees, Frank Drake, 
Vala Dig Uy\é-]amr-]a(emer=re) mmm \Ut-]aeay 

We have begun searching for signs of life in our 

own Solar System, but the search for intelligent 

life is different. We can reach our neighbouring 

planets and moons with probes and rovers, 

allowing us to sample the atmosphere and the 

soil directly to find even the tiniest traces of 

biological materials. But to find out whether 

there is life beyond the reaches of our 

spacecraft, scientists must take a different 

approach. We cannot yet tell whether primitive 

life exists on distant planets, but ifadvanced, 

intelligent civilisations have developed the 

technology to send messages out into space, we 

might be able to detect their signals. 
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il SPACE 


SIGNS 
OF LIFE 


What do we actually look for 
when searching for aliens? 


The search for intelligent life focuses less on 
what aliens might be made of, and more on how 
they might communicate. Distant planets in 
other star systems are too far away to see 
clearly, but we can pick up signals released into 
Space. But how do we know what to listen for? 
We live in the same universe, so we share the 
same fundamental physics and chemistry. 
Communications have to reach over vast 
distances, travelling through the dust and gas 
of the universe without being lost or degraded, 
and scientists think that it is most likely that 
they would be sent using radio waves or 
powerful optical lasers. 

Listening out for every single signal across 
the entire electromagnetic spectrum would be 
impossible, so to detect these communications, 
we need to try to think like aliens. This was first 
attempted in 1959 by two scientists from Cornell 
University; Giuseppe Cocconi and Philip 
Morrison suggested focusing in ona specific 
frequency, the 1,420 MHz ‘hydrogen line’. 
Hydrogen is the smallest and most abundant 
element in the universe, and when its energy 
state changes it creates a characteristic spectral 
line, which is always at a frequency of 1,420 
MHz. This falls into the microwave radio region 
of the electromagnetic spectrum, and is able to 
travel through dust and gas that block the path 
of visible light. Looking at the universe in this 
frequency allows us to see through dark clouds 
that normally block our view. 

Cocconi and Morrison reasoned that 
civilisations more advanced than our own 
would also have used hydrogen line emissions 
to map the universe around them. Ifintelligent 
life forms also realise that other civilisations 
might be tuning in to this special frequency, 
they might use it to try and send a message. 
Frequencies either side of the hydrogen line are — 
also monitored, in case alien lifeformschoose [am 
to reserve 1,420 MHz for scientific use, and some 
SETI experiments, including Breakthrough 
Listen, also monitor for pulses of laser light in 
case they are used instead of radio. 





requires that any extraterrestrial civilisation be 7 
deliberately signalling in the direction of our 
Solar System.” This could happen by chance, 

but if aliens are signalling right at us, they 

might already know we are here. 
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. i 
As the SETI Institute points out, “optical SETI a i 


We're 
over here! 


The Arecibo 
Observatory greeted 
the universe in 1974 


The Arecibo Message was a 
coded image sent out in the 
direction of 300,000 stars in the 
nearby M13 star cluster, over 40 
years ago. It was constructed by 
SJ aubanbercaselcmaacrepel-yeleavaeymaels 

1o) coy-Xo(ercks] mons} OL-)Umelelme)bet-baraeys 
and 1s. In less than three 
minutes, the message 
attempted to paint a picture of 
life on Earth for any intelligent 
life that might be watching. 


Extreme Earth life 


AFlael(electe(=t-3 


i (=Yoq dg (om oy- [ed k=) ars) 
Shewanella bacteria can use metal ions and other 


compounds to release energy, instead of oxygen. 
This is not seen in any other organisms on Earth. 
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Tardigrades can survive without water, in extreme 
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even in the vacuum of space. 


Ses eS es 


| 
| i-- 


eS ES 


Sse 
eee ee 
i 


(emaltfed femal femal omy fess! fomf! foal (Peal 
ee 


—— 
—— 
—— 


SS fe se ST |_| 
Ee eSaESfe 2 = 


= 


SS | | |__|! 


SS 


ig 


geen Se 


SS ee) 


aa 
| 
= = 


—— See re 


ae 


44 Pi 
SS eee = 


” ———f 
= el 


Z_ 

= 
ee ab ri a x 

| i 


=—— 
See 
= 
——a9 
a 


22-- 
| 
ani. oe 


a er ee ees ee en es - 
eee ee 
be Ee OOo tt 
: @ __ oa 
a00) Gee 
08 a" 


— a Sess 

——_—— — oe 

a, = 4 
oy ee 


ee ee eee ee ee 
sas 


a 
ae | 
>= = 
| | 
oan | oe ot 


SS 
; ‘= i -----El 
ch 0 _ Li 
i. = Sr gh i i 
co cet meee cama Hot ee 
_ ee _—!, 


st ed ee ed 


, ; | 
| | 
= = | Se 
2 ed eo |e 


—-— 
—_—— = 
—— 


a 
aie) Sine 





—_ 


Numbers 
aRal-Milecimeclamel(e/iece-lami alanis 
here one to ten. 


Important elements 
AN co)anlcom alelaniel=\aome)m=)(claalslaless 
0 (01 a= lcm ere] d Le) air] aleme).4\/e[-)0F 


DNA components 
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DNA code 

This chain represents the 
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Human 

AW alUlant-lamilelela=mices)ale\uamauuian 
average height represented to 
the left. 


Earth population 

Nh are ele) ele] t-1a(e)ame)mat-laaam ls 
written to the right of the 
stick figure. 


Solar System 
This line of symbols shows the 
Sun (left) and the planets, with 
eke] adamalielalive|nincven 
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The telescope is shown at the 
bottom of the message, with its 
diameter beneath. 


Alien worlds needn't be exactly like ours; even on Earth, organisms survive in 
environments that are completely unsuitable for humans. Meet the Earth extremophiles. 





Animals that live without oxygen 
Ta WA@) LO FeXol(=)n1uiciucm a=) ole) ancvomaalga\omere)anle) (=). @-) else sto 
living at the bottom of the sea, in an area known as 
a ‘dead zone’, where there is no oxygen. 





Extremophiles 


Many other species thrive in extremes. For instance, 
thermophiles survive at high temperatures, and 
FYol(o(o)e)ali(=som 14 als) ie) aie Wr-eale | (omexe)alelia(e)a lcm 





Venus Is blisteringly hot, but some scientists think life could survive high up in the clouds 





Howtohuntforaliens’ ~~. 


There are billions of stars in our galaxy alone, but which should we focus on? .. 


The first step in the search for life is to define what 
life actually is. This is still a topic of debate, but it 
is generally agreed that living things are complex 
and organised. They use resources from their 
environment to generate energy, and build 
molecules for replication and growth. They react 
icohdalsyeaciebacelenelcnuatccomr.lot-lelm-belemasje)aelolulecm- lime 
which requires complex chemistry. 

The most abundant elements in the universe 
are hydrogen and helium, but helium does not 
form molecules with other elements, and 
Jayiobceyexeyamerbommett-Nconeeyente)isr.qasle)tcvabloneepies 
(ON ToePmOy.qrsexcveksbelomer-Daelever-baonselcmalcy.qmeslessie 





Mars 
NASA’s rovers have shown that Mars was 
once home to vast pools and rivers, and in 
YAO) hove VAvsy-Werelaldlaantslemuar-iamlle[Ullemi\rlusle 
still flows on the Red Planet today. 


mlUlaltiave Mie) me)r|a(sin> 
Spotting distant planets is tricky, 


plentiful, and together with hydrogen are the 
most abundant elements in Earth’s organisms. 

It mightseem a bit egocentric to assume that _ 
life elsewhere in the universe will be based on 
the same components as life on Earth, buta 
closer look at the chemistry reveals why scientists 
are so focused on finding carbon and water. 

(GE Va ole) amer-bowent-¥ccopio)ou mole) ale lonnokeluelcyarcy(cveelcvelacy 
Jo) ceyratelbatemdalccver. Dace) Comm et-lm- 00 lenuucneeyenye)(=>.4 
molecules to be made. This property can be 
matched by silicon, but the chemistry is not quite 
the same. While we exhale carbon dioxide, a 
silicon-based equivalent might exhale sand. 


Life in our Solar System | 


eM aalte] aim acel Mm ar-\om con (ole) @ir-| mm cemalarem-)((21al-) 


Europa 

Jupiter’s icy moon may have a salty ocean 
beneath its surface. NASA believes that it 
touches the moon’s rocky core, providing 
chemical elements that could sustain life. 


om Mlal=meymiie leis 
The petal design 
allows the planet to be 
seen directly. 


lolelmalsv iva tere ebele)(oycavaeeenlomalciie 
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Enceladus 
Saturn’s moon Enceladus releases jets 
from its icy surface. Scientists believe that 
iu a{=yVmexolU](o Mi ol-Wor-|aavilalemaat-1k2)al-] Cmicelanire 
alte le(=vam (ell (emwr-] k=) melersr-lamelave(=)galcr-140 


” Water provides. solvent in which these large, 
complex molecules can dissolve, enabling them 
to interact. Water is also goodat maintaining 
Siecle) (-mu-yanlol-ve-1abha-swe-Dolehnet-bralammet-lmlacbileyeles 
means that lakes don't freeze solid. These ’ 
properties are hard to match, although ammonia 
and hydrogen fluoride come close. 

Given what we know about the chemistry and 
composition of the universe, scientists are 
searching for planets and moons in the so-called 
METo) Ce bU ere Ke-A0) alemme) a at-leyir-le)(swAe)elwmnvselcyacwerel ence! 
water might exist. If these conditions can support 
life on Earth, why not elsewhere? 
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Titan 
Saturn’s largest moon has an atmosphere 
oy im aliuaele(=\am-laremaatsiiar-lal-muar-lmmialua ele (ets 
scientists. Some suggest that methane- 
based life forms could inhabit Titan’s seas. 


. « 1 Star 
Nearby Sun-like stars are 
sq bright that their 


ats become invisible. 


elsewhere in the galaxy, 
scientists watch out for their 
shadows as they pass across their 
parent stars, but the closest stars 
are so bright that their planets are 
areal challenge to detect. The 
private aerospace and defence 
(ekopasher-Benva\\(e)anebac)enepavbecvect-Beu-bas 
developing ascreen known asthe 
‘Starshade’, which will fly in 
between orbiting telescopes and 
the stars they are trying to image. 
The petal shape should block out 
most of the star’s light, letting 
only the reflected light from the 

jo) Ebelclacwerctsion ebaelered ee 





5 Safe distance 
The Starshade is positioned tens 
of thousands of kilometres away 
from the telescope. 


4 Space telescope 
The Starshade will orbit 
alongside a space telescope. 


ve =o) e) Fel ateys 
Planets in the ‘habitable 
zone’ are particularly 
hard to see. 


3 Starshade 
The centre of the Starshade 
blocks the bright light of the star. © 
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ARE WE ALONE IN 


THE UNIVERSE? 


SKo)onsiel[<Jelacjesmaevselquet-lm ote banewicplOrcime)alcne)mest-vanvmbelet-lejincvome)tbelclts 


There are billions of stars in the universe, and 
some astronomers think it’s likely that each 
one in the Milky Way galaxy has at least one 
planet. The director of the Space Telescope 
Institute in Baltimore, Matt Mountain, told 
NASA: “What we didn’t know five years ago is 
that perhaps ten to 20 per cent of stars around 
UTsMekchi(cm wtsh ad cerci>Acu o)t-belcuecmeammelcwetsleyinte) (= 
zone.” Being in the right zone is one thing, but 
being home to life is another. And being home 
to intelligent life with the technology to send 
signals out into space is something quite 
different again. 

On Earth, moving from single-celled 
organisms like bacteria, to complex, 
multicellular organisms, like worms, fish, and 
humans took around 2.5 billion years, and it 


only happened once. As Professor Stephen 
Hawking pointed out ina lecture entitled Life 
in the Universe, “This is a good fraction of the 
total time available, before the Sun blows up.” 
Assuming that life can get past this bottleneck, 
at least one species then needs to become 
intelligent enough to want to communicate 
with the universe. If this is possible, where is 
everybody? This question, known as the Fermi 
Paradox, was asked by Enrico Fermiin1950. He 
argued that technologically advanced 
civilisations could colonise entire galaxies in 
just ten million years, fractions of the age ofthe 
Milky Way, so we really should have seen 
eavaloKcyeleoneyma elsvesme\vmelennve 

It could be that there really are no other 
intelligent life forms in the galaxy, but there are 








(o Coy Za) eksneyme) Wala) a=>.4 0) k= barclaceyatcmmO)aCemeymuelcmestelcis 
widely discussed is the idea that intelligent life 
might not survive long enough to make contact; 
it could be that asteroid impacts, supernova 
blasts, natural disasters and warfare wipe 
intelligent life forms out before they havea 
chance to explore. Ultimately, the lifespan ofa 
civilisation is limited by the life of its parent 
star, unless of course, the life forms find a way 
to leave. 


Have there always been Earth-like planets? 


The universe is nearly 14 billion years old, but it hasn't 


always been able to sustain life. In the early days, as 
everything began to cool after the Big Bang, there were 
only two elements available: hydrogen and helium. 
These simple elements are not sufficient alone to build 
any kind of life. These gases formed the first stars and 
galaxies, and these new nuclear reactors smashed the 
small atoms together to makeheavier elements like 
carbon and nitrogen. When these stars exploded, the 
new elements went on to form*newstars.OurSolar * 
System formed around 4.6 billion years ago, and 
-«star-forged elements'like silicon and iron make up the 
planet that we live‘on: Until recently, scientists thought « 
Dorel oleae) oCerciaciecvach vers cobeMm@et-\i(-v ot-Vad tsb como) -Ual-lceae : 
but NASA's Kepler Space Telescope has fourid some that. | 
* are orbiting stars more than twice the age of the Sun: : : 
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How many world 
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zone around a Star 1.5 billion years 
fo} (ellen uar-lamual-molelal 








could send us signals? = *), 


Dr Frank Drake is a pioneer of SETI, and his equation 
uses probability to estimate the number of inhabited 
planets in the Milky Way that may be trying to make 
contact. It takes the rate of star formation in the galaxy 
and asks, how many of those stars have planets? Then 











Jae(Vgest-benvae)adelessicu o)t-balciece-Bacmet-leyur-lo)(-mr-balomelenniment- Beni 
of those are inhabited? Then how many have intelligent 
inhabitants? Finally, how many intelligent civilisations 
are actually sending signals? And for how long? 
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mMavswalelanley=)aeymelitsla 
civilisations with detectable 
Signals in our galaxy 
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with planets 
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NASA will attempt to land on an asteroid in 2018 to recover samples that could hold clues to the origins of life 






Are we being bt ~~ Will we find 
Fast radio bursts (FRBs) are brief, high-energy | ‘ | | alien life? 


electromagnetic waves that have been appe 

























scientific data gathered at the Parkes Telescope sir ) Top scientists think that 
early 2000s. The bursts contain high and low freque ~ lifeis out there, but it 


wavelengths, which travel at grin. speeds throu ay could be hard to find 


space, and the delay between the arrival of the h 
and lowest frequency waves can be used to Ca : 
the distance to the source. Strangely, the ten FRB —~ MANY SCIENTISTS BELIEVE 
had delay times nearly divisible by 187.5. There i __- THERE COULD BE ALIENS.... 


“What is the likelihood that only one ordinary 
jatopatclacbe-Vmelo)(-Tem ceateyi'sem con ol-e-le)l-nnenelohueris, shape Sunnis aeconbanic ibaa’ nhebited 


leading scientists to speculate about a possib: : " | planet? ... To me, it seems far more likely that 
alien source. However, other signals, called ~ | the universe is brimming over with life.” 
: —_ ' - Carl Sagan, Cosmos 
perytons, have since been found to have 
h l | ovis i ‘ “To my mathematical brain, the numbers alone 
much more loca! origins — scientists j make thinking about aliens perfectly rational” 
discovered that they could produce the > 7 - Stephen Hawking 
same interference patterns by opening {a . aa | “| think we’re going to have strong indications 
, | , y definitive evidence within 20 to 30 years,” 
ANS D)VAsXo)a es) 9) a=) c-m me) alo (e(=t- Mie) ar-lalr-li(=19 F -_ | ~ : - Ellen Stofan, NASA chief scientist 


megastructure, designed to capture 


“| think life is common in the universe. We may 
the energy emitted by a star 


be the only civilisation in the Milky Way. There 
will be other civilisations in the universe” 
- Brian Cox 


..BUT PROVING IT COULD 
BE A CHALLENGE 


“We have a galaxy full of ten billion planets, in 
habitable zones, roughly Earth-size... no visits, 
no communications... How can that be?” 

- William Borucki, ex-NASA Kepler 
scientist 


“Life outside of Earth is probably going to be 
really hard to find... We can’t even agree ona 
definition of what life detection is.” 

- John Grunsfeld, NASA 


“Right now there are maybe only 10,000 
civilisations we can detect in the galaxy. That’s 
one in ten million stars. We have to look at ten 
million stars before we have a good chance of 
succeeding.” = Frank Drake 


IT COULD EVEN BE DANGEROUS 


“Active SETI is not scientific research. It is a 
deliberate attempt to provoke a response by an 
= alien civilisation whose capabilities, intentions, 
a. and distance are not known to us.” 










Rovers, like NASA’s Curiosity, 








are scouring Mars to see a Ls - Michael Michaud, International Academy 
whether it was, or is, Every dot in this image is ag \ of Astronautics 
capable of supporting life with millions or billions of s : 



















WB avsmagclerdle)ame)m-)i (sla 
civilisations with detectable 
electromagnetic signals 


Wi at-Wag-lord(oameymlialcsiilletslaie ai at-m(-aleldameymelaat=mear-len dare 
civilisations that develop civilisations actually transmit 
technology to send signals signals into space 
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system that could support life 
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‘Space weather 
Get the forecast for the Sun’s explosive 
activity and how it affects us on Earth 


he Sun, and the vast vacuum of space surrounding it, may seem pretty 

peaceful to us on seve emmenvt itis actually alive with violent activity. Although 

you might not hear about it on television forecasts, it’s the source of a variety of 
Space weather, and there are some very important reasons why we should be aware of 
Sioa Mob qo)oeed eLolelmiucwGcay/cr. Dacre) (-0arey(el(cmmeal=mopecmey-U0 Moymelolme)t-tcjeet-k-lmesl-mecveluqneyaele pan 
Solar System bombards our planet with solar winds. During periods of peak activity, 
this can disrupt many of the technological systems we rely on for communication, 
navigation and more. Read on to discover how... 










ANU] ge) ¢akowr-] comers) ae) al Namal 
most visually pleasing effect 
of space weather: 


Earth’s protection 


Solar wind | | 
Sltg-tlanmelmet-lae (stem ef-lanver(-txer-]|(-1e 
fo) Feksjaale ite] a=mexe) ptsi t=] ala \aascvers]@)late uals 
surface of the Sun, as the star’s 
powerful gravity fails to contain them. 
Known as solar wind, it can reach 
speeds of up to 800 kilometres per 
second as it hurtles towards Earth, 
where it continuously batters our 
planet’s magnetic field. Solar wind is 
so powerful that it is believed to have 
stripped away the atmospheres of 
many other planets, such as Mercury, 
but Earth’s relatively strong magnetic 
field is keepingrit at bay. 


Earth’s magnetic field forms a magnetosphere, which acts as a shield 
to protect our planet from the effects of space weather. However, the : 
constant battering of solar winds has had a dramatic impact on its 
shape, compressing the side closest to the Sun and stretching.out — 
the other. Sometimes, the solar winds can disconnect the magnetic 
field lines on the night side, and when they snap back into position, 
they push charged:particles back towards Earth’s upper atmosphere. 











In 1859, the strongest geomagnetic storm on record made the Northern Lights visible as far south as Hawaii 
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Visit www.spaceweather. 


com to get the latest 
forecast and keep up to 
date with the current 


conditions in space. 
Additional space weather 
information can also be 
found at the Space 
Weather Prediction 
Center’s website, 
WWW.SWPC.nOaa.gov. 
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Solar flares 
When twisting magnetic field lines in sunspot regions cross 
and reconnect with one another, they cause massive 
explosions called solar flares. The energy released is the 
YoLUlhV/=](o1aeme) mi aaliii(e)alsme) me KOLO li aals\er-1ne)ama\’cel cele (=1am ele)anl ess 
rey40)(elel [are mel mmaalsMct-]anlomalaal=mucxslalel/alem allle(ow-lanlelelalecne)i 
radiation out into the Solar System. The radiation emitted 
spans across the entire electromagnetic spectrum, from 
radio waves to X-rays and gamma rays, and travels at the 
speed of light to reach Earth in just eight minutes. 


Coronal mass ejections 

aM avcMant-le|acciacoma(=i(em |lalssom vat-] mm )gele|U(e-Bct0)t-1¢ 

flares sometimes become so twisted that 

they snap and reconnect at other points. 

ai ateMey-) ossmuat-] ume) aga mor-/amatem (e)ale(=)m@arel(e 

plasma on the Sun’s surface, and release 

'o)1| ke) aksMe) Mm ke) aise) mm | [al ke) 0f- (eX>¥- oer exe) c0) ae] 

mass ejection’. Their speed can vary 

| greatly, meaning they can reach Earth ina 

| ranted k=) axe) mu alel0| poe) ae l-\\Ac¥ar-] ale MN\Val=lamualcnae le 
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to generate geomagnetic storms. 
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Sunspots 

NV/FeXeTatcau(om a (=)(oM llalctom e)act-l diate mualgelelelamuats 
Sun’s surface create dark regions known as 
10] als) ole) Rew ACoM alet-] MM lal all e)iccvemigelaamarsyialemele) 
from the solar interior, these regions are 
comparatively cooler than the rest of the 
Sun’s surface, but still reach scorching 
temperatures of around 3,500 degrees + am 
Celsius. Sunspots are usually found near to 
the Sun’s equator and are the source of most 


extreme space weather. The number of them | gt Ly 
| varies throughout the 11-year solar cycle, ~~ 
creating periods of peak activity. (| . 
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Infinite Earths and alternate realities: does this 
controversial theory have any scientific basis? 


t’san understatement to say that the 

multiverse theory is one of the most 

controversial theories in science. In fact, 
merely putting this in the Space section of the 
magazine, and not a newly created Theology 
section, would ruffle a few astrophysicists’ 
feathers. But why is this the case, and is there any 
basis for suggesting we live ina multiverse? 

The origins of the multiverse theory are a grey 
area. Some, like David Deutsch in his book The 
Beginning of Infinity, point to Erwin Schrédinger 
and his famous equation. This broadly 
introduced the idea of quantum mechanics, in 
whicha particle can be in two states at once, in 
the first half of the 20th century. It would be many 
years until the broader implications of the theory 
were given serious thought, though. 
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You're probably more familiar with the 
multiverse theory in different terms - parallel 
universes — so let’s begin there. At its core, the 
multiverse theory suggests that our universe is 
not alone, but perhaps one of manyin some form 
or another. Just as we discovered Earth was one of 
many planets, and that the Milky Way was one of 
many galaxies, some scientists think the same 
could be said of the universe. 

As of yet, we have no direct evidence for 
multiverses (and even that prospect is 
contentious, which we'll come on to later). But our 
best indirect evidence for its existence is a 
peculiar one. It stems from how exact certain 
mathematical constants in the universe are. The 
cosmological constant, for example, isa value for 
the energy density of the vacuum of space. Its 





existence explains how the universe is 
expanding at an ever-increasing speed, 
something first discovered in 1998. 

But the cosmological constant is 120 orders of 
magnitude smaller (that is, ten to the power of 
minus 120) than theory predicts it should be. 
Thus, even a small change in its value would have 
rendered our universe a mess of nothingness 
after the Big Bang. So, too, for the values of dark 
energy. How were these mathematical constants 
so finely created? 

“If [dark energy] had been any bigger, there 
would have been enough repulsion from it to 
overwhelm the gravity that drew the galaxies 
together, drew the stars together, and drew Earth 
together,” Stanford physicist Leonard Susskind 
told Discover Magazine in 2008. “It’s one of the 


The furthest galaxy we've seen, GN-zn, existed 13.4 billion years ago, just 400 million years after the Big Bang 





greatest mysteries in physics. All we know is that 
ifit were much bigger we wouldn't be here to ask 
about it.” 

The multiverse theory has an answer, though. 
It suggests that in our universe, the cosmological 
constant is exactly the right value for everything 
as we knowit to exist. But there are an infinite 
number of other universes, where it is ever so 
slightly different. 

Working on the pretence that this is true, what 
form would these other universes take? That’s the 
ingle aya oy-DammMelcvace-bace-Wt-beccweluneclel-ymeyanelcveyelswsy 
from Max Tegmark’s four levels of classification 
(explained later), to M-theory (which 
encompasses string theory), to cyclic theories, 
where the universe is in an infinite number of 
cycles between Big Bangs and Big Crunches. 


Tegmark’s four levels encompass the broader 
multiverse theories. The Massachusetts Institute 
of Technology professor suggested them in 2003, 
presenting them as a way to classify ideas for the 
multiverse. “Parallel universes are nota theory, 
but a prediction of certain theories,” he said in his 
2014 book Our Mathematical Universe. The first 
level deals with the observable universe, which is 
the extent to which we can see in the universe. 
Owing to the finite speed of light, we are only able 
to see as far as light has been able to travel to us 
since the Big Bang, 13.8 billion years ago. Due to 
the expansion of the universe, though, we are 
able to see light that is now more than 42 billion 
light years from us, which we call the observable 
universe. But we cannot see beyond this; what is 
there, we just don’t know. 


Building a multiverse 
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Singularity 
Taksike(=¥r- Me) fe lore ale) (=micwre 
pea-sized singularity, 
where gravity is 
essentially infinite. 


Rip 
BR alicmuarsvelavacielele(=so] noma ares 
the singularity can rip a 
aye) (sm lamaaremelalclacrsy 
perhaps when it collapses. 
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One theory is that black 

holes are responsible for 
creating new universes. 


Death 
The black hole 

, =," i > ee 
(ore) |=) oksxotoem (=¥ohVA Tale | Se oe 
behind the CER a 
new universe. “=e ia 


Controversy 
This is of course 
oy a) Ware mdal=\e aval" 
the moment. 
There is no direct 
evidence that this 
actually happens. 





Event horizon 

Tarsicel=maalsmacyel (ola me) im dats 
black hole, gravity is so 
Talaclarsxowadar-iemalelualiave Beem ales 
even light - can escape. 


Expand 
The singularity then 
begins to expand, 
Kea anliave Wr Malc\iMelaiNYis)es% 
- aBig Bang moment. 


Physics 

Fach new universe 
would form with its own 
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some would survive. 
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Tegmark’s first multiverse level suggests that 
there is no end. Instead, the universe just keeps 
going and going, infinitely. Iftrue, this would 
create an infinite number of instances for 
everything to occur. So, at some astronomical 
distance away from us, we would find an Earth 
exactly the same as ours, and you would find 
yourself sitting there reading this very article. 

The second level is similar to the first, but 
proposes that while the whole multiverse is 
expanding, there are regions within it that 
expand at different rates, forming bubbles of 
self-confined space - in other words, bubble 
universes. Our universe would be one bubble, 
with an untold number of other bubbles beyond, 
each with their own laws of physics. In 2015, a 
later, widely discredited theory suggested 


"As of yet, we have 
no direct evidence 
for multiverses” 

















Talitera(eya 

The new universe 
rapidly expands, a 
period we call 
cosmic inflation. 
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One version of this theory 
suggests material sucked 

in by the black hole ‘feeds’ 
the new universe. 
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bubble universe had actually ‘bumped’ into one 
another, producing a noticeable glow in the far 
reaches of space. 

In the third level, things start to get a little bit 


strange. Like the first, it suggests that the laws of 
physics are the same everywhere, but rather than 
different universes being separated by distance, 
as in the second level, they are in fact separated 
by time. The laws of quantum mechanics, as 
mentioned earlier, allow for a large number of 
uncertainties and possible futures (for example, 
whether Schrédinger’s famous ‘cat in the box’ is 
dead or alive). In this level, all of these 


possibilities would play out. Every single 
eventuality would occur, and each time, anew 
universe would be created along with it. For us as 
observers, though, we only see one universe - 
our own. 

The fourth and final level, the mathematical 
multiverse, is fairly difficult to comprehend. It is 
Tegmark’s own theory, presented in Our 
Mathematical Universe. It essentially implies that 
the universe is composed entirely of 
mathematics, and we are merely constructs 
within that. But the book and theory have come 
under some heavy criticism. 


One of the main arguments against the 
multiverse theory, though, is that it fails one of the 
very cornerstones of science itself: falsifiability. 
This is the ultimate test for any scientific theory, 
namely that it can be proven wrong. For example, 
if you put forward the theory that every animal on 
Earth had four legs, someone else could refute 
that theory by finding an animal with more or less 
than four. 

No multiverse theory is currently falsifiable. We 
simply don’t have the means to disprove some of 
the claims being made. We will never be able to 
journey beyond the observable universe, and 





DIFFERENT TYPES OF MULTIVERSE 


“We have no way of jumpin 


An extension 

. Our views into the universe 
are limited by the age of the 
universe. We cannot see 

ava elcyauder-bomselsmabeslcmerdelmercts 


had to travel to us, which know what is 
when you take the expansion beyond our 

of the universe into account, observable 
comes to 42 billion light years. » - universe though, 

But this multiverse theory ivglaaxelelmiparonberss 
suggests that, beyond this . some fanciful way 
distance, the universe _. to travel faster than 
continues into inavivevinray. Wave um light. Until then, we 
this would mean that may never know what is 

3 eventually, by chance, beyond our vision. 
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CAVaraeeubercanyelenoncie-bal i 
repeat itself - even Earth 
itself. It will be 

impossible to ever 
















The bubble universe 


to another universe" 





ii Learn more 


To learn more about 
multiverse theories, 
check out Issue 46 of 
our sister magazine, 


All About Space, 
which goes into far 
more detail on the 
controversial topic. 





This theory proposes that there 
are many ‘bubble’ universes 
living alongside each other. The 
key behind the theory is cosmic 
inflation, which is the period of 
rapid expansion the universe 
went through in its first trillionth 
ofa trillionth ofa trillionth ofa 
second. This ultimately gave rise 
to the universe as we know it. 


According to this theory, 
different regions of space 
expanded at different rates, 
forming their own ‘pubble’ 
regions alongside ours. In theory, 
there could be an infinite 
number of these bubble 
universes alongside ours, witha 
contentious version suggesting 
each has its own laws of physics. 





DID YOU KNOW? One bizarre multiverse theory suggests, in an infinite multiverse, we could be ag simulation made by aliens 


thus could never disprove the notion that there 
are other parallel bubble universes out there, or 
an infinite universe. As such, many argue that the 
multiverse theory should not be treated asa 
theory at all. Itshould be condemned to the 
pseudoscience bin. 

“The trouble is that no possible astronomical 
observations can ever see those other universes,” 
said cosmologist George Ellis in an article 
published in Scientific American in 2011. “The 
arguments are indirect at best. And evenifthe 
multiverse exists, it leaves the deep mysteries of 
nature unexplained.” 


Many worlds 


Of course, falsifiability itself has its detractors. 
Other more widely accepted theories, such as the 
existence of dark matter or dark energy, may not 
be falsifiable. Should we also consign those to the 
scrapheap? It’s fair to say that this is a topic that 
draws heated debate in the scientific community. 

And even aside from falsifiability, we runintoa 
problem. Not only can we not disprove multiverse 


theories, but we can’t currently prove them either. 


We have no way of jumping to another universe, 
or even observing one. How are we supposed to 
sift through the myriad of claims being made 
when there is no direct evidence available? 


~The many-worlds theory relies 
ohamepetcheimoucemectcrelarcnablecme Mare) 
quantum world is odd, in that 

EB debbat:scesi0(elcW-topodetejneyers can 
appear to bein two places, or 
states, at once. Itis only when 
we observe the photon that its 
state is decided. 

In this theory, though, both 

states exist. And, in fact, this is 


everything around us, at all 
times. Each time there isa 
‘split’, anew universeis ~ 
created, giving rise to.an 
infinite number of universes. 
This is probably the closest 
theory to the idea of ‘parallel 
universes’ where one could 
envision jumping into a nearby 
universe. It’s pretty unlikely 


The idea of a multiverse is undoubtedly an 
intriguing one. It has inspired a huge range of 
science fiction, and has garnered support from 
some of the most prominent physicists today. “It 
would not be beyond the realms of possibility that 
somewhere outside of our own universe lies 
another different universe,” Professor Stephen 
Hawking said in 2015. But it remains divisive, and 
will do so for the foreseeable future. For now, it 
remainsa fringe theory in some corners. And 
perhaps in an issue of How It Works in an 
alternate universe, it is indeed confined to the 
Theology section. 





happening constantly for that'll ever be possible, though. 


Mathematical universe 


dW adtsuael-re) avatcy ey ae)ey-le) ham ecomeyels 
moetclmispeclessimvalorc)hyaelsvele(-1em 
Max Tegmark goes into detail 
baw abEcKeLeloyacine) okeyasm elele)@Oli le 
Mathematical Universe, but in 
essence, it suggests that our 
- universe, and all other 
universes; are nothing but 
mathematical constructs. We 
are quite simply lumps of 
mathematics manifested.asa 
consciousness that can 


perceive this seemingly 
‘real’ world. 

Itis described by some as the 
‘ultimate ensemble’ and, 
owing to its nature being 

- everything broken down 
Tbelcobeetcldat-veetlalacmee(ve> 
cannot be another 
broader multiverse 
theory beyond it. As you 
might have guessed, it’s.a 
bit controversial. 









Arguments for and against the multiverse 


FOR 


Cosmic inflation 

Our universe grew exponentially in the first moments of its existence, but 
was this expansion uniform? If not, it suggests different regions of space 
grew at different rates - and may be isolated from one another. 


Mathematical constants 

How are the laws of our universe so exact? Some propose that this 
happened only by chance - we are the one universe out of many that 
Jakcho)ox=velsremmonex-imaatcwelebinlelvacmarselm 


TECITITLOE TTL TITTLE TTP ieee TUE LeUPLeUee PT LueTiieee cee ieeiirrteaciciirerecicectireeirirenvirtieicrieierteuiitinist 


The observable universe 

What is beyond the edge of the observable space around us? No one knows 
Ko) mLOD Gomes DOLOMUDOLUUMNY(cmO COM AnisoD (el eMeceleCoMol-malca(cvammdelcmmelelvecdelmuatslmelone 
universe extends infinitely is an interesting one. 


AGAINST 


Falsifiability 

There is no way for us to ever test theories of the multiverse. We will never 
see beyond the observable universe, so if there is no way to disprove the 
theories, should they be given credence? 


Occam’s razor 

Sometimes, the simplest ideas are the best. Some physicists argue that we 
don’t need the multiverse theory at all. It doesn’t solve any paradoxes, and 
only creates new complications. 


POPU OU TCOCORTICOCORTITOCORTUCOOUCTICOCCUCTICCOSTOCOCORT TT ORRTTCOCUCTCOCOSTICTCOCO UV CORC TT COCCORTCCCOT TIC ECOUCTTOCOUCCTCOTCOSTOCOCTOR TT CCOTT UT CSCC TT reer Terr, 


No evidence 

Not only can we not disprove any multiverse theory, we can’t prove them 
either. We currently have no evidence that multiverses exist, and 
everything we can see suggests there is just one universe - our own. 
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The Bullet Cluster of galaxies; the 
1e) [U(omlale| (er-instomelt-] qq aat-iune) mall (omaats 
re) fal qm aie) aaate]mant-lacclallamentsmie)gaasmeyi 
fim ate) mel-\ow-lalemualemel-l[->4(=15 themselves. 





What ts the 
universe made of? 


The cosmos is filled with material and 
energy that we cannot see 





fyou look up at the night sky, you can see the 

light of hundreds of stars, as well as nebulae 

of gas and giant galaxies tens of thousands of 
light years across. Believe it or not, everything 
that we can see in the universe emitting light in 


energy were equivalent. This allows for most of 
the universe (68.3 per cent to be exact) to be 
made from energy and it is causing the 
expansion of the universe to accelerate. No one 
knows what it is, so scientists call it ‘dark 


the electromagnetic spectrum makes up only energy’. The remaining 26.8 per cent is made 
4.9 per cent ofits total matter and energy. This from another dark substance, called dark 
accounts for all the planets, moons, comets, matter. Astronomers know it exists because its 
stars and nebulae, and all the atoms in the gravity affects the motions of stars and galaxies, 
periodic table. So what is the other 95.1percent? anditcan bend the light of more distant 

It was Albert Einstein, with his famous galaxies. But it emits no light of its own and no 
equation E=mc’, who said that matter and one knows what it’s made of. 
68.3% 31.7% 
Dark energy Matter 


Less than a third 
of the cosmos 

is made from 
physical material. 


Over two-thirds of 
the universe is 
formed of pure 
energy, known as 
the mysterious 
dark energy. 


26.8% 
Dark matter 
Dark matter can only 
be detected by its 
gravitational pull. 
4.9% 
Ordinary 
matter 


Ordinary matter is 
made of atoms - the 
same stuff that 
makes up humans. 
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The IC 1613 is the Milky 
Way’s clean and tidy 
mere) [-\oad (om a-Vie]alelelelg 


DID YOU KNOW? The US Department of Defense keeps a catalogue of all spgce-debris larger than a tennis ball 








Taking the 
Solar System’s 
temperature 








How do we know how hot the other planets really are? 


nfrared cameras can reveal hotspots on the 
Jalebentebamelerenvar-baloumercesr-Dealcnccrealenele(ccne.lenels 
used to take the temperature of objects in outer 
- space. All objects above absolute zero emit 
infrared radiation, and the hotter they are; the 

_ more they release. 

Unfortunately, it is not as simple asp eynetaneteesl 
detector atthe sky. The gasesinouratmosphere . 
absorb infrared light, so to get clear data from 
planets and stars we need to take our equipment 
out into space. Sensitive infrared instruments can 


(el me) male) am 


The temperature of each planet 
ime (=) o\-avel-me)amanlela=maar-lam (Cia 
distance from the Sun 


101 010g 





Mercury 


167° - . 





* Mars 
-65° 














lebabaleleieh intel elelalet ialeiototeietelelel me 1 EEeee 


be carried by hot air balloons, probes, and space 


’ telescopes, like Hubble and Spitzer, allowing us to 


detect the radiation emitted and reflected by the 
planets in the Solar System, and by objects even 
further away. 

It is tempting to assume that the closera planet 
is to the Sun, the hotter it will be, but this isn’t 
strictly true. The temperature also depends on 


how much light the planets reflect (knownas the © 


Fe Vlererele) m= balemalennvy good their atmosphere is at 
holding on to heat (the greenhouse effect). 












Jupiter 
-110° 





Neptune 
-200° 





Venus 
464° 


Seeing back 
In time 
When we look into space, 


we are actually looking into 
the past 


fthe Sun suddenly vanished, it would takea 
[ full eight minutes and 20 seconds for anyone 

to notice. This is because sunlight does not 
reach us instantly; it has to travel through 
space to get here, and that takes time. Light 
travels at a speed of just under 300,000,000 
metres per second ina vacuum, so the delay 
AAV aX sy 0 Cole) ce batew-lmelcr-bae\yaeo) {161mm tsyelmelele (esr. le) (oy 
but when we look out into space, we start to 
experience some serious lag. 

The Moon is just over 384,000 kilometres 
away, so it takes a bit more than a second for its 
reflected light to reach us. Light from the Sun, at 
150 million kilometres away, takes over eight 
minutes, while light from our next closest star, 
Proxima Centauri travels for four years. When 
light travels from our neighbouring galaxy, 
Andromeda, it takes an incredible 2.5 million 
years to reach us. 

This effectively means that looking out into 
space is the equivalent to looking back in time, 
ebeloma slop aveanel-yary(omlele)qmual-wavbanels)mel-(eene 
time we see. Powerful telescopes, like Hubble, 
are able to see light released by ancient 
galaxies more than 13 billion years ago. 





When this light was emitted - 
by Andromeda, our ancestors 
‘ hadn’t even learnt to use fire 


1 ye) 


ORNPANSYAN 
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he Moon is our closest neighbour, but 

only 12 people have ever set foot on its 

surface. Since 1972, the only visitors have 
been robots, orbiters and probes. Fora long 
time there was little interest in going back, but 
at just three days journey away from Earth, the 
WW CoXeyewese-bemoleyia(olorsne. bac] mce)maveanelsye 
investigation. With more countries establishing 
their own space programmes, and an 
increasing number of private companies 
entering the field, interest in the Moon is 
growing once again. 

The environment on the Moon’s surface is 
hazardous, but if we can find a way to construct 
a base we would gain access to a wealth of 
off-world resources. It is a prime location for 
telescopes and communications equipment, 
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Helo MiacmebenCepelcmcyenvseaevabestcvelmerelelcomele)(om@lerccnne 
the history of the Solar System. The Moon’s 
potential has been recognised by organisations 
across the world, and there are now several 
exploratory missions in development. At the 
moment, these are focused around finding out 
more about the Moon’s potential, but over the 
next few decades, manned missions and even 
base construction could be on the agenda. 
Russia’s Roscosmos are planning a series of 
Luna-Glob missions as a starting point for 
establishing a robotic base, and in 
collaboration with the European Space Agency, 
they are hoping to scope out the Moon’s south 
joe) (Bb awXoy lou bee XerXon Melon vader W\\I-laleyet-lme)er-(a- 
Administration are developing a series of 
Gat Daleaem eycolorercmnonee)elcremuebet-bact-besle)cccpeel 





preparation for future mining missions, and 
they are building a shuttle capable of lifting 
human astronauts to the Moon. What’s more, in 
2007, Google launched the Lunar XPRIZE, 
encouraging private companies to land rovers 
on the surface by 2017. Even NASA, who has 
chosen to focus their resources on manned 
missions to asteroids and to Mars, are 
developing a probe to map the water deposits 
(vam salem lovet-barcrelvidemelecen 

At the moment, we are just taking our first 
tentative steps towards further exploration of 
id alcmlyCoxeyepmoleimeomdel-mavinebacw-Mcvel(-)elecilesleyete 
style base on the surface could becomea 
reality. We explore what such a lunar outpost 
might look like, and what hazards and 
challenges could get in the way. 








The last person to have set foot on the Moon was Apollo astronaut Eugene Cernan in 1972 


WHY THE MOON? 


With preparations already underway for manned missions 
to Mars, some might question the logic behind a return to 
the Moon, buta lunar outpost could bring several 
advantages. A trip to the Moon and back could be completed 
in under a week, and the surface is rich in resources. Lunar 
dust contains hydrogen, oxygen, iron and other metals, and 
if these resources could be mined, it could provide a close 
off-world source of water and building materials. 

The far side of the Moon is shielded from the noise of 
Earth’s communications, providing a quiet vantage point for 
looking out into the universe, and the near side has a 
constant view of the surface of our planet, making it an ideal 
place to set up monitoring stations. Navigational support 
could also be provided for a variety of operations, from 
search and rescue on Earth to deep space exploration. 

A base on the Moon would also allow us to look closer at its 
geology, which in turn would help us uncover more about its 
history and the evolution of the Solar System. Experiments 
could be conducted, and materials and equipment could be 
tested, away from the familiar conditions on Earth. 







(Oe) fol alii ate Bol ®y<(& = Stopping stone 


PAI UlaT-] mu oy-k-iemexelUi (em ol-lacelgan| Establishing a base on the 
many different functions, from Moon would be a big step 
ralialiare muomexe)anlaalelalvorciadce) ats towards colonising Mars. 


Mining and 
excavation 
The Moon is rich in 
resources and could 
be used for 
construction or to 
make fuel, oxygen 
and water. 











Space outpost 
The Moon’s location and lack of 
atmosphere make it a good place 
for communications equipment 
») and sensitive telescopes. 













ee 






Exploration 
Large vehicles could 
be used to carry 

explorers away from 


— established bases to 
[me - explore the Moon. 
= ae i 











Refuelling 

The low gravity on the 

surface would allow 

» spacecraft to land, refuel 

and take off much more 
me -citicienty than on Earth. 









ell ¥ = Technical testing 
Se  — Building a protective habitat on 
— a “ee =the surface of the Moon will 

3 . i test t technologies to their limits. 
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Tavikeleelel(cmatcle)in-lecm-l acm ltelalameleis 
HOW [ O vulnerable to asteroid impacts 


The Moon has little atmosphere and none of the 
protective shielding that we enjoy here on 
Earth; asa result, the surface is hostile. Itis 
pummelled by solar winds, scorched by 
radiation, and chunks of rock regularly fall 
from the sky. The ground is coated in the 
shattered remains of ancient asteroid impacts, 
forming a thick layer of sticky dust, and with no 
atmosphere or weather to wear the particles 
down, the grains are razor sharp. Asuccessful 
base would need protection against all of these 
threats, and, for people to stay there long-term, 
it would also require a steady supply of food, 
water, oxygen, power, shelter and rocket fuel. 

One of the most popular concepts for a lunar 
base is inflatable housing - lightweight and 
easily assembled by pressurising from the 
inside. With the airlock from the landing 
capsule used as a door, these structures could 
provide a quick and simple solution to setting 
up a base. However, a puncture could prove 
catastrophic, so the pods would need to be SiUl i Cell are mexey-1n=Ye mam lele)amel ers “Kae a DJUT-j mms co)nal aat-m\V/ (ele) amexelel (eM sl-mUr-y-1e| 
shielded in underground chambers or beneath would be shielded from . as a material for 3D printing 
piles of Moon dust. impacts and radiation ) 

Flat-packed panels could also be shipped in 
from Earth to build sturdier dome or hangar 
structures, but it would be much more fuel- 
efficient to use building materials found on the 
surface of the Moon. When heated, lunar dust 
can be transformed into a tough solid that could 
be used to construct buildings and roads, and 
3D printers could one day be used to make 
structures from the regolith. 

In the right location, solar panels could 
provide renewable power for the base, and, if 
plants are able to grow on the Moon, it could 
one day be possible to set up asemi-sustainable 





= 


farming and composting system. Then, if water, = _. 
Excavation equipment would need” as 
oxygen and hydrogen (rocket fuel) could be a ae og “ 


extracted from lunar dust, a base might even be fine dust particles ar 
able to become self-sufficient. i aa 

Unfortunately, there are still major 
challenges to be overcome before we reach this 
stage, not least the devastating effects of lunar 
dust. The dust seems to find its way inside even 
tightly sealed spaces, causing rapid damage to 
equipment. There are some ideas to get around 
this, including cable cars or covered transport 
tubes to minimise the disturbance on the 
surface, and clean rooms and air locks to keep 
inside spaces dust-free. 


“Solar panels could 
provide renewable 
power for the base” 
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DID YOU KNOW? NASA held a Regolith Excavation Challenge to encourage engineers to built robots that can dig up lunar soil 


Craters 
Craters near the poles 
could provide protection 
against solar wind. 





Permanent shade 
The north pole is smoother 


than the south pole, but parts | 
of it are in constant shadow. 





Smooth terrain 
The surface near the 
equator might be easier 
to land on, but the 
temperatures here vary 
by hundreds of degrees. 


Sunlight 

The equator is in darkness for 14 days 
at a time, but some places near the 
poles are in near constant sunlight. 


Y gael 


Ne . Helium-3 
rd : Be oh hae iy H : Solar winds have left rich 
; + helium-3 deposits near the 
equator, providing a potential 
“4 WHERE TO Bl ILD? . as 
* a } — 
ae 
_, Choosing the right spot couldmeanthe 4° |. V2 
iff a ip SDS AUS between success and failure ‘e ma +) 
on ; e ' 


Lava tubes 

Caverns beneath the 
surface of the Moon could 
provide shelter from 
radiation, space weather 
and temperature changes. 


| Water ice | 

| There is frozen water | 

| locked away near to 
the Moon’s north and | 


LOCATION, LOCATION, LOCATION 


The Apollo missions landed close to the Moon’s 
equator, where the surface is smooth and 
entering orbit is easy, but these regions have 
serious problems with temperature control. The 
Moon turns on its axis once every 28 Earth days, 
so daytime at the equator lasts for two weeks, 
and temperatures climb to more than 100 
degrees Celsius. For the other two weeks, the 
same spot is plunged into total darkness and the 
surface cools to 150 degrees below freezing. 
These wide fluctuations could pose real 
problems for.buildings and equipment, and 


with sunlight absent for days at a time, solar 


power would be intermittent. Facing head on to’ 


the Sun and with little in the way of 
atmosphere, the equator is also blasted by 
ecKoetclaloyeu-beleucve)(-Dmnibelelse 

At the poles, night and day are less dramatic. 
The surface is rougher, but certain areas receive 
sunlight for most of the year, and the 
temperature remains more stable at around 
zero degrees Celsius. There is also water ice 
trapped at the poles, which could provide 
gases, fluids and even rocket fuel. 


One promising location is Shackleton Crater, 
ATV aU Cel eM Cow colebelem-lme slowly (olevemcusrelenmelsyaam ele) (emit 
receives sunlight for around 80 per cent of the 
year, which could provide a near constant 
source of electricity from solar panels. Building 
a base near the equator would be more 
(oh a UN(syakcanetcomoloumonete(cvacaqelonelemer-leyin-lesmeelenlel 
provide enough protection in more exposed 
locations. Lava tubes like the Marius Hills pit 
could offer ready-made shelter from 
temperature fluctuations, solar wind, radiation 
and surface dust. 


)) 
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Inflatable habitats 
Building materials are heavy, 
So one option is to use 
inflatables. These would need 
to be protected from impacts. 





WHAT WOULD A 
LUNAR COLONY 
§ LOOK LIKE? & 


The Moon is not a safe place for humans; 
the base will be essential for survival 



















Water supply 
Water could be extracted from lunar 
dust by heating it with hydrogen gas. 


Launch and landing 
The gravity on the Moon is low, so 

launching and landing spacecraft requires 
much less fuel than it does on Earth. 


Telescopes and 
equipment 

Away from the 
interference of Earth’s 





Radiation shielding 
Buildings would need to be 
atmosphere, a lunar protected from radiation. A 
base could house popular idea is to bury them 
powerful telescopes. under layers of moon dust. 


140 


The Moon Is an average distance of 384,400km away, equal to about 30 Earths lined up side by side 


Oxygen 
Water extracted from the lunar surface 
could be split into hydrogen and oxygen 
using a technique called electrolysis. 


Glass roads 
Microwaves could be used to 
melt the dust on the surface of 
the Moon to produce smooth, 










tough roads. Food Flatpack buildings 
] Farming resources would need Buildings could be 
to be transported to the Moon, constructed using geometric 
but waste could then be recycled frameworks shipped in pieces 
to keep plants growing. from Earth. 


J 













© DK; Dreamstime 


Mining 
operations 

The dust - or regolith 
- could be mined for 
use as a building 
material, or to make 
oxygen, water and 

* rocket fuel. 


il SPACE 


What makes a 
planet habitable? — 





Discover what makes Ea 
that it can support life 


or life to exist ona planet, there’sa 

loyiime) it; Mere) (0b 0 (oye ex-si net. 1a lean els 

(oloy alo bhalevercner-Belm elmore nm alelmeyarele 
cold, with somewhere in the region of -15 
and 115 degrees Celsius being about right. 
Within this range, liquid water can exist, 
and therefore, in theory, so can life. 

baKe)col-yanconorcr-lmmabtcnejelaneaiencn| 

temperature, a planet must be the right 
distance from its host star. This is known 
as a habitable zone, and lies closer to 
smaller, cooler stars than large, hot ones. If 


ad ense special - 


the habitable zone is too closeto a star, 
stellar flares can destroy thé planet's ° 
EYuaalesjoalva-mauel(elebtsnal-i-vel-lole cj) it 
warm and protect itfrom recto beclaleyels bevel 
meteorites. To maintain an atmosphere, a 
o)EVelcimentelimelonsel= rataett mass to have 

Salo lured ome CcMBIA ace ele) (oMeyeucoplim-balemellaletsrs| isi 
magnetic field to protect it from stellar 
flares. It is believed that Earth’s magnetic 
iC VoBEKebanr(-seuoyvanel-Bileiiaeyactelc-reBtaeyobnel . 

: d Kepler-62f is a 
its outer core, so a planet’s structure is also Siipeeaith-size planet in 
a key criterion for supporting life. the habitable zone of a star 





What ts a gravitational well? 


How this invisible force shapes the universe 


hile we are all familiar with gravity 


willactasa planetinourexample-andplaceit thelarger gravitational well, it will roll into it - 


being the force that causesadropped ontherubber sheet. The sheet will dip and seemingly ‘pulled’ by gravity. 

phone to clatter tothe ground, Albert | bendwiththe mass ofthe ball, forminga Everything with mass is able to bend space 
Einstein was the first to describe gravityaswhat concave shape -the gravity well. and the more massive an object is, the more it 
happens when space is warped around a mass, Now puta marble on the sheet, which bends. An object can only escape a gravitational 


creating a dip called a gravitational well. To 


represents a smaller object inspace such asa well if itis moving fast enough. Moons and 


better understand this, think of a large rubber comet or an asteroid. It creates its own gravity satellites that orbit planets, for example, do not 
sheet, held taut. The sheet actsasananalogyfor — well, but it’s much smaller than that of the fall any further into the gravitational well of the 


space-time. Then take a bowling ball - which 


bowling ball. Ifthe marble gets anywhere near planet they orbit. 


The Solar System’s gravitational wells 


The inner 
planets 

The inner planets 

- Mercury, Venus, 
Earth and Mars - all 
create their own 
little wells. 


Jupiter 


Saturn 

Saturn is the second most 
massive planet and has a 
sizeable gravitational well 


of its own. . 
Ice giants 


Finally, there are the ice 
giants, Uranus 

and Neptune. As the 
distance from the Sun 
increases, its gravitational 
influence decreases. 


The second biggest 
gravitational well is caused 


by the most massive planet, 


Jupiter. 


The small dips either Depth 


| The Sun side are formed by its four The depth of the well is 


| The Sun is the most massive largest 
object in the Solar System and 

| therefore creates a 
gravitational well so large (Cit 

| would be 100 times deeper 

| than Jupiter’s) that all the 

| planets are caught in it. 
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proportional to the 
amount of energy 


required to escape the The Solar System 
gravity of each object. | The Solar System is the 
| taut rubber sheet acting 
as the fabric of space-time 
| in our analogy. 


moons. 
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DID YOU KNOW? Fast moving dwarf galaxy M32 punched a hole in Andromeda nearly 10,000 light years across when they collided 








Cannibal galaxies 


Inside the galaxy-eat-galaxy world 
(om deleneessjaeulenielelemelatsbial 


hile small galaxies create new stars from 
gas and dust, their more massive 
counterparts grow by gobbling up what’s 
around them. The very strong gravitational forces ' 
they exert pull on smaller galaxies that can be 
millions of light years away, sending the two racing 
towards each other until they merge ina 
spectacular galactic feast. This can currently be . 
seen happening between the distant Antennae * A 
galaxies, which began colliding a few hundred ; , = c ~ 
million years ago. . ‘ oe 

However, this galactic cannibalism has also been 
observed much closer to home. A stream of debris, 
known as the Sagittarius Stream and extending out 
from our very own Milky Way, is believed to contain 
the leftovers ofits last meal. The stream contains 
stars that are still travelling in the direction from 
which they came, creating a trail of breadcrumbs 
leading to their original source, the nearby 
Sagittarius dwarf galaxy. 

Eventually, it will bethe Milky Way’s turn to be 
on the menu, as it is expected to collide with the 
Penedewtvex—e Notebaoyertevela galaxy in about 4 billion 
years. When this happens, computer simulations 
have revealed that there is a one in ten chance that 
our Solar System will be evicted from this new 
galaxy, making the night sky appear far darker. 


However, it’s more likely that we will endyp closer 
‘to the core of ‘Milkomeda’, ee our nigh <y with 


even jaaleyass stars. . ‘ & 
— 


a 


Massive galaxies fatten j 
themselves up by feasting on Y 
smaller, nearby galaxies — 
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THREE MORE 
SCARY SPACE 
0] 53) 3 og oy 


Stellar vampires» 

Many of the stars in our galaxy 
share their space with another star, 
forming a binary system. The one 
with the lower mass can suck away 
the other’s hydrogen, using the gas 
to fuel itself. This increases its mass 
until it strips its neighbour’s stellar 
eV anVed(e) ole mexe) an] e)(=1k2)\VA 
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Franken nebula 

i mant\ Va (ele). @ ll comm eelalcclaciccl aes 
iaat=lareceal ave mane) alcik:) em olU) mua) iom is 
actually the open star cluster NGC 
VAANCY fu (oXor=}k=10 AOR OLOLON I (e] nl m\{ct-] 65 
away in the Puppis constellation. It 
contains hundreds of hot, massive 

iS} We] ao of =) (ol al lave melelma-le|t-lu(elamnemyers) | 0)! 
i g{omes(o)0 (esse) mual=Mal=1e)0|(-Mlalcedelal 
eerie, colourful shape. 





Miga(s) Ghost nebula 


When a Star the size of our Sun 

ig-] a MelU | me) im ay’ce|gele(=lam-lale moi 7ineral=ve 
to using helium, its temperature 
soared. Eventually it expanded and 
became a red giant, which expelled 
its outer layers into space, creating 
a nebula. After about 10,000 years, 
the stellar remnant in the centre of 
the Little Ghost nebula will begin to 
(oxole) Ko) mmole gallate R-Miallecee\Wi-] aml e-] e 
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The StarChip will be accelerated by 
lasers to 20 per cent the speed of light 





iM el=Daclolinbecnlntejeurele)itstee)ae)(elmrclcenercmers 
further into space than ever before 


o date, we’ve done a pretty good job of 

exploring the Solar System. But in our 

half a century or so as a space-faring 
species, we have not yet truly-ventured to any of 
the 100 billion stars in our own galaxy, or 
beyond. In 20 years, though, that couldall be 
set to change. 

On12 April 2016, Russian billionaire Yuri 
Waa batcyar-bebaceybuelectomsbatcbanle)iale)vicmeyae)(-lemclsyersbal 
_ of the Breakthrough Initiatives to senda series 
of small spacecraft to the nearest stars to our 
own Sun, the Alpha Centauri system. And he 
wasn't alone; alongside him at this 
announcement were respected scientists, 
spaleduvlopbelcmeyacyo)alcyemet-huvdcenetee-belem elem wale)ealey 
who have all signed up to help with the project. 
“The human story is one of great leaps,” said 
Milner. “55 years ago, Yuri Gagarin became the 
first human in space. Today, we are preparing 
for the next great leap - to the stars.” 
So, what’s it all about? The project is known 

as Breakthrough Starshot, and it is utilising an 
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oft-touted — but little explored - technique 
known.as laser sails to reach tremendous 
SJoletcre tsps Bale mentsUccou- Maal oncer-belelael-vacin-ba eleslece 
in as little as a generation. 

You've probably heard of solar sails before. 
These are sheets of thin material that expand to 
massive sizes in space. Like a wind sail on 
Earth, these sails then pick up speed not from 
regular wind, but solar wind, the stream of. 
particles given off by our Sun. The rate of 
acceleration is very slow but over time, a 
spacecraft could theoretically reacha 
significant fraction of the speed of light. 

This proposal is slightly different, though. 
Instead of using solar wind, the team is 
proposing to fire giant lasers on Earth at 
sail-mounted spacecraft. These spacecraft, 
known as a StarChips, would have several 
instruments packed into them, but be small 
enough to fit on the palm of your hand, thanks 
to huge advances in techology. The sail itself 
would be larger, spanning a metre, although 


just a few hundred atoms thick. Theoretically, 

shining a 100-gigawatt laser on one of the sails 
should accelerate the spacecraft to 20 per cent. 
of the speed. of light — or 216 million kilometres 
per hour -in minutes. 

At these speeds, traversing the Solar System 
would be a breeze. In hours, the spacecraft 
would reach Mars, a journey that takes several 
eatevet ad otseCoymaeyenic-velaloyet-VAsjoclacloestimelennicyecteRot 
chemical fuels. Inthree days, it would reach 
Pluto, which took New Horizons almost 
ten years to reach. Most importantly, 
in 20 years, the spacecraft 
would reach Alpha 
Centauri, 4.37 light 
years (40 trillion 
kilometres) 
away. 















Existing 
spacecraft would 
need to be adapted 
for interstellar travel 





DID YOU KNOW? The furthest spacecraft from Earth, NASA's Voyager 1, would take 73,000 years to reach Alpha Centauri 





One of the main reasons for going to Alpha 
Centauri — which is actually a triple system 
made of three stars — is that it’s the closest star 
system to.our Sun. We now think that almost 
every star plays host to at least one planet, and 
Alpha CentauriA, Band Cshould be no 
exception. The goal of the mission would be to 
study these planets, returning images and 
priceless data to Earth. Owing to the distance, 
this information - travelling at the speed of 
light - would take 4.37 years to make it back. But 
a total of less than 25 years for such data is 
joyLarcvaleccPmaovercs(o(clanet-muelewuesyo)etercluleyalse 

“Earth is a wonderful place, but it might not 
last forever,” Stephen Hawking saidina 
statement from Breakthrough Starshot. “Sooner 
or later, we must look to the stars. Breakthrough 
Starshot is a very exciting first step on that 
journey.” So far, so good. But this is just 

scratching the surface of the technical 

challenge of this hugely ambitious project. 
‘We've never sent a spacecraft beyond 240,000 
kilometres per hour before; the StarChip would 
- travel almost 1,000 times faster. There will bea 
huge number of unknowns of accelerating to 
and travelling at these speeds. How the 
spacecraft will hold itself together during the 
intense acceleration phase, and howit will 
(efopasbaclopeblercKncmrvsiaeWor-Danem-lmsacr-lmentsie-belacte 
will also need to be resolved. 

Breakthrough Starshot, therefore, is a bid to 
overcome such hurdles. Milner is investing $100 
aabdUNCoyameymentsmonuiaemente)elcavamolelmelcmacr-(obehia-Coberbles 
that this is merely seed funding. The final cost 
of the mission could spiral into the billions of 
dollars, and he is hoping for funding froma 
number of sources in order to support the 
project. As such, there‘is no definitive launch 
date yet, although some time in the next couple 
of decades is not unthinkable. 

One way to overcome some of the challenges 
facing the project will be to send not just one 
spacecraft, but to launch a ‘mothership’ with 
id eLole sre belolsMe)mele-bauabescmeyemoler-BaemyAVemeymmal=eel 


Exploring space 


Warp travel 

Some theories suggest it may be possible to ‘warp’ 
space time, allowing us to travel huge distances ina 
short amount of time. This is mostly science fiction at 
ldatomanteant-laiemanreleie|ap 


Sailing to 
the stars 


A Komte-)\(-) 6-1 allelams) eleterelse 
Breakthrough Starshot’s nanocrafts 
will be propelled by a powerful laser 
(ol als =t-] a uaee =t-[e1pV0)0] (eM ol-e-eall® 
WiVel(e]aliate mL Ksime)al-mele-laammyaina| 

(oxo) galanlelal(ersiale) siopmers] als) ecicowel ale mre 
battery built in. But expanding from 
dal cMmuvele] (eM ol-m-M t-]ae(clanct-]] Bs) ey-lalaliare 
a metre. An array of lasers on Earth 
iVol6] (6 Ja) lal=r-mexe) ga) e)i aleve LOl@) 
gigawatts on the spacecraft. Each 
one would accelerate 60,000 times 
faster than Earth’s gravity, reaching 
20 per cent of the speed of light in 
just two minutes. At these speeds 
the journey to Alpha Centauri, just 


BREAK TAHROUUGH 


WUT am\Vilal-yenCualige Mige)eam (a9 m-lare| 
other scientists, such as Stephen 
Hawking (front centre), announcing 


over four light years away, would Breakthrough Starshot " ° vie, 
se ll — 
How a laser Laser 


An array on Earth fires 
exolnaleliatsvo e-1ae)i 
100 gigawatts. 


sail works 


The science behind using lasers 
to reach incredible speeds 


Direction 
The laser will be directed at the 
StarChip in Earth orbit. 





Propulsion 
As the laser hits the sail, it 
ig] aciiclecmiecm ance)aatcalaeleak 
(ore [Ubs}] ale Wel exex=) (=) a-ha (e) an 


Speed 
Continued firing of the laser over several minutes 
increases the speed to 20 per cent that of light. 


- 
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Launching a spacecraft with nuclear reactors would 
give it a lengthy source of fuel, allowing it to 
accelerate and decelerate constantly to reach far-off 
destinations, but safety is a concern. 


Slow and steady 

Instead of fast travel, we could senda 
(ore) fe) ahve) malelaat-lalsmelam-mme(slal-)e-10(e)amoial/ oe 
Vitam uatslanmue-N(2)|[lalemne)aalelavel q-te\ome) mV{2t-] 6S 
towards a new world. 
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Breakthrough Starshot timeline 


Here’s how the spacecraft will make their way beyond the Solar System 


The Moon 
It will take the StarChips 
CeXsKom dare laWe iM palialelncmne) 
reach the Moon. 





PANS (alge) (e Mm ol) 15 


Mars 
After an hour, the swarm 
of spacecraft will make 
their way past the Red 
make] aol mecwe) ae) | 


Taleecicelitcle 
Within a matter of days, the 
spacecraft will pass beyond the 
Sun’s influence, and become 
true interstellar travellers. 


10* AU 


Kuiper belt Voyager 2 


—* 


Voyager 1 
Once they pass Voyager 1 at 20 
billion kilometres, the StarChips 
will become the most distant 
raatelataante(e(ome)e)(-\e1ncn 
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would be released in orbit, where the powerful 
Earth-based laser would shine upon them, 
firing them offin the direction of Alpha 
Centauri. Think of this mission not asa single 
man-made vehicle making a lonely journey, but 
an entire fleet venturing off into the cosmos. 

If it works, this form of propulsion could 
prove invaluable. Not only would it let us reach 
Alpha Centauri in 20 years, but it would also let 
UESM=y.¢ 0) Lo)cemelcrsim bats 1 lo) etsHel (osci-) acom aleyeatemcie lel elrsts 
the Moon and Mars, ina tiny fraction of the 
time that is currently possible. Imagine if, ona 
regular basis, scientific organisations from 
around the world could send their own 
prospecting spacecraft to places all over the 
Solar System, letting us frequently explore 
worlds closer to home, rather than sending a 
mission every few years or So. 

Once the spacecraft reached Alpha Centauri, 
they would not stay for long. Owing to the 
method of travel, this would very much bea 
one-way trip. The spacecraft would merely fly 
by any worlds we discover, snapping as many 
images as possible and gathering data. They 
may also collect information on the 
Fe1pasleysyoyateyeceneoyasyelercvim(eameymaelcme)t-belcuncmmaelsyne 
temperature, their rotation rate, and so on. 
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As for Alpha Centauri itself, the system may 
hold invaluable secrets. At the moment, we're 
not actually sure if any of the three stars host 
planets. Previous detections have since been 
ruled uncertain. But it’s fair to assume there 
are probably some planets in orbit, considering 
two of the stars are similar to our Sun. We know 
EUURsies baw levesemben- Melle) atcmeymelvrcim.belemcs-kopre! 
planetary disc, which often gives rise to 


A giant array on Earth 
will fire a 100-gigawatt 
laser at the StarChip 





Interstellar wind 





Interstellar wind 


Jo) Echols) nou hmcp ole) olavo ma eleuct-BeslsMuVeleu(omol-mpauleneyi 
Alpha Centauri. 

NaVieCcU Nay Ar-toupqeyeloyentcvacmet-lomuole ured elmuer-te 
there was a planet orbiting in the desirable 
Jatsloyin-1e)(-yA0yel-neyme) alee) mm eleuc]k-BacpeAyey ers! 
Centauri B, an orbital position that is not too 
JaTo)mp ae) encole mero) lo Mmrisalcvacm ele LRomntc-Ins)mise-le)(-mne) 
form on the surface. The nature of whatever 
planets are there still remains uncertain, but 





The first planet outside the Solar System was not discovered until 19g2, but thousands have been found since 





os 


|DY=Y=) 0 -j of- [ox 
Now entering unchartered territory, 
the StarChips could provide 
Takeda antelule)ame)amaarsMeiat-le- (eins) a(oia (ex 
of ihterstellar space. 
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° i Local Interstellar 
‘ Cloud 
——e Ss Se ee ee Si ae ESS Reese Ss cerns ta ae 
"* 107 AU 
: * 


Oort Cloud 


It will take more than five years 
to exit the Oort Cloud, the 
cele] fe) ame)mexe)aai=1u--10] ane) elarellare| 

- our Solar System. 


1d oT <med ok Doleccromnetclmeyetcpeebtsdeumel-pet-leyiccle)(c-0ac 
indeed fascinating. | 
Jo) axe (=Yer=Vo(atsm eLO  VAMVcm atchicomel-\-veulole)canetemioye 


is, they have the necessary conditions to host 
life. After all, we are just one planet orbiting one 
of 100 billion stars in one of 100 billion galaxies. 
It seems unlikely that ours is the only planet 
teeming with life. But so far, finding planets 
exactly like our own has been difficult, owing 
to the limited methods of detection we 
currently employ. However, if we could send 
probes to a potentially habitable world around 
Alpha Centauri, we may be able to discover if 
our planet really is unique - or if there are many 
others like it. Imagine images being returned of 
a glorious alien world abundant in water, 

clouds or perhaps even vegetation. Sucha 
ohEeCohi(cJarAneleucomalenelevloymelet-belxomebccnevemar-vanel 
forever, with untold money being pumped into 
missions to find more worlds like our own - and 
even visit them. 

For now, the project is in its infancy, and 
these dreams are at least 40 years away. But 
perhaps we'll soon make the first steps to 
becoming a truly interstellar species, and 
discover our place among the stars. 


_INTERSTELLAR MEDIUM 


“Sooner.or later, 
ViV/=2 bn 1} (818) 4 
worlds beyond our own that are Earth-like; that t O t A e stg rs ” 


Stephen Hawking 
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Obstacles 
Once data is collected, it Space is so vast that, throughout 
will be sent back home at the journey, there are unlikely to be Pp . 
the speed of light, taking any obstacles in the way. - ' “Ss 
4.37 years to reach us. c 
aa , 
. . 
U r 
Beyond 
After the flyby, the’. 
_ spacecraft will be 
left to drift endlessly 
into space. F 
G Cloud ’ | — 
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Alpha Centauri ° 





After 20 years, the 
spacecraft will reach 
the Alpha Centauri 
system and begin 
their mission. 


The StarChip is small enough to fit 
between finger and thumb 
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It’s quite likely here < 
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“Wealthy Egyptians 


DID YOU KNOW? For nearly 4,000 years, the Great Pyramid of Giza was the tallest man-made structure on Earth 
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ew cultures conjure as much intrigue 

and horror as that of the Ancient 

Egyptians. The civilisation that sprung 
up along the banks of the Nile around 3000 
BCE was among the most powerful on Earth. 
Though much of Egypt was an uninhabitable 
desert wasteland, the river was a life source 
that nourished soil and watered crops. 

It gave birth to a society of farmers, doctors, 
builders and soldiers, whose achievements 
and inventions were greater than any seen 
before. They created one of the first writing 
systems, were among the first to practise 
science, and their art was a blueprint for the 
Renaissance masters. But the achievements 
that the Ancient Egyptians are best 
remembered for are their towering pyramids 
and gory mummification rituals. Death was 
an industry, anda booming one at that. 

Religion was the pillar upon which this 
society was built, and it guided every aspect 
of life. They believed that there were many 
gods, each of which had a different role - from 
Sekhmet, the goddess of war, to Hapi, the god 
of the Nile, who brought the floods every year. 
But perhaps the most important element of 
the Ancient Egyptian religion was the belief 
in the afterlife. When a person died, it was 
thought that their soul could live on, but only 
if it successfully navigated the underworld. 
First it would have to battle demons and 
gatekeepers, before arriving at the Hall of 
Judgement where it would have to prove itself 
worthy of eternal peace. Those who passed 
the test could proceed to the Field of Rushes 
-—a heavenly reflection of life on Earth. Those 
who failed would be forever restless, stuck in 
a purgatory that was worse than death itself. 

Because of these beliefs, the Ancient 
Egyptians spent their whole lives preparing 
for their journey through the underworld. Not 
only did this mean avoiding sin as much as 
possible, but italso meant ensuring that their 
physical being had somewhere to rest, and it 
was accompanied by all of the things their 
spirit would need to thrive in the afterlife. 
Wealthy Egyptians spent years building 
tombs that were often more elaborate than 
their own homes, and filling them with 
priceless treasures. In Ancient Egypt, death 

really was an awfully big adventure. 
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spent years building 


tombs more elaborate 
thon their own homes” 
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In the early days of the 

AW aTea(=) olan sycargolar- Dem cenersxeloyen 
jovetsBaclovatse-belemeluelcvaniiccrUin ents 
members of society were 
buried in mastabas. These 
were flat-roofed, 
rectangular structures with 





each other, creating a much 
taller structure composed of 
a number of ‘steps’. This 
would act as a gigantic 
staircase, allowing the 
deceased to ascend to the 
heavens. The first was 





smooth, not stepped. Kings 
and queens competed to 
build the tallest, most 
magnificent monuments, 
but this came at a cost. Huge 
amounts of stone were 
needed to build them, not to 






sloping sides, whichhelped called the Pyramid of mention the costs of labour. 
to protect the grave from Djoser, and it was built Pyramids were also easy 
scavenging animals and around 2680 BCE. targets for gravediggers. By 
thieves. But during the Yoaie one: me the time of the Seventh 








Third Dynasty, an architect 
sarc beatcrom beeveleincjonecbestemele) 
with theideaofstacking — 
multiple mastabas on top of 


The first Egyptian 
foae-laal(epmeleliim oy’, 
Pharaoh Djoser, is 60 
patcvaactom alten 


Dynasty, it was much more 
(eoyaebectoyewieyae)er-be-le)etomnem el 
lo)OR aero mbemneyesleloner-Balicre| 
deep into the rock. 
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_ @& Nephthys | 
The mother of 
- Anubis, Nephthys. 
protected the 
T dead as well as 
“the reigning 
pharaoh. 


The Book of the Dead —_ 


With so many demons, monsters and gatekeepers 
cobs f-(o1 .d(oWlamual=melave(=)aNe)a(ePir- Mm pat-\e|(om-)e\-)| me) mauve) 
could always come in handy. The Book of the Dead 
was a funerary text used from the beginning of the 
IN eM lave re (olanm ¢1nel0] neil holo lOM 510) =) Mi] alemexe)ait-liarave 
spells that would help a person on their journey to 
the afterlife. Only the rich could own a copy, as they 
/ake(em Kom ol=M-) 0l=Lorr] | \yaexe) palaalisscile)alsemr-la(eMUuUclacmiviaiacclal 





Spell 17 of the Book of the Dead, which helps the deceased to recognise the god Atum 
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and illustrated by many scribes. The book was then 

fo) F-Xoxzlo Mi am dal=mexe) aula me) au ke)anle Ne) mual-Me(c\er-l-1-{-10 Mr] ale! 
extracts were inscribed on the walls, sarcophagi be 
and amulets that were wrapped up with the 

faal0lanlaa\’am =t-(e1 nj 0\-)|Mal-lem-Mell nie) q-la) mole |g eles\-mbote) aa(= 

would help the deceased to identify different gods, 

while others would protect them from evil forces or 
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The embalming process was long and gruesome, but the Ancient 
Egyptians believed it was necessary for the soul to survive 





The key to eternal life wasn’t just preserving 
the soul. Ancient Egyptians believed it had to 
return to its body regularly in order to survive, 
so that too would need to be kept intact. They 
also believed that the deceased must resemble 
the living as much as possible in order for the 
spirit to recognise its physical home. Initially, 
this was achieved by burying the dead in the 
desert, where the hot sand would dehydrate 
bodies and delay decomposition. But over time, 
the Egyptians developed an artificial method of 
preservation that would enable their remains 
to last for millennia. This now-iconic process 


was called mummification. = 
The first mummies date back to 2600 BCE, but ~~ 


it wasn’t until around 1550 BCE that the most 

effective and well-known method of , 
mummification was developed. This involved 
removing the deceased’s internal organs, 
dehydrating the flesh, and then wrapping the ~ 
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entire body in linen bandages. The process took 


around 70 days and was extremely costly, so 
only the very rich could afford it. Poorer 
families were treated with another method of 
embalmment, which involved liquidising the 
organs with cedar tree oil and draining them 
out through the rectum, before placing the 
body ina salty substance called natron that 
would help to dry it out. 

Because of the climate, embalmment was 
carried out as soon as possible after death. First 
the body was taken to an ‘ibu’, or ‘place of 
purification’ - usually a tent close to the Nile. 
Here it would be ‘purified’ using water and 
palm oil, representing the deceased’s rebirth, 
and helping to keep them smelling sweet for 
longer. Then the body was taken to the ‘per 
nefer’, another tent where the embalmment 
would take place. Only priests were qualified to 
carry out this procedure, with the chief 
embalmer known as the ‘hery seshta’. This man 
represented Anubis, the god of embalming and 
the dead, and often wore a jackal mask to show 
his importance. The hery seshta was 
responsible for wrapping the body and 
performing religious rites over the deceased - 
an element of the embalmment process just as 
vital as the physical preservation of the body. 
Thanks to the ingenuity of the Ancient 
Egyptians, we can now gaze upon the faces of 
men, women and children almost exactly as 
they were 3,000 years ago. 
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A beginner’s 
guide 
Follow these easy 
steps to create a 


mummy that will 
last for eternity 


Purification 

Before embalming can begin, the 
body is purified using water from 
the Nile and palm wine. 

























; Washing the body 
4 Washing the body symbolises 
a rebirth, as the deceased 
passes into the next life. 


Removing the organs 
An incision is made in the left 
side of the body, and the 
lungs, liver, intestines and 
stomach are removed. 


Hooking out 
the brain 
The brain is not thought 
to be important, and is 
hooked or drained out 
through the nose 

and discarded. 






ing the heart 
e heart is left inside, as it is 
believed to be the centre of 
intelligence, and needed in 
the afterlife. 
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Egyptians, so The jackal god, | 
they were also Anubis, was 
ale lanlaalna=xe! | guardian of . “ 
at death T cemeteries and | 
the god of \ 
embalming. . 


DID YOU KNOW? 








Wrapping 
Linen bandages are used to 
wrap up the entire body. 

Liquid resin is used as glue. 








Oiling up 

Oils are rubbed all 
over in order to 
help the skin to 
stay elastic. 
























Saying a prayer 
A priest recites prayers 
and spells over the 
deceased to help ward 
off evil spirits. 





Dry stuffing 


Storing The body is washed and the 
The organs are natron scooped out. It is 
washed and then stuffed with sawdust, 


then packed in spices and linen. 
natron before 
being placed in 


Canopic jars. 
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Leaving to dry - 
j Next, the body is completely 
Salting the insides — covered in natron and left to 
_ The body is stuffed with natron - dry out for 40 days. 
4 a type of salt - which will absorb — 
ee aise of salt which . 
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ee " ey | . Osiris | 
FUNERALS AND BURIAL | ;' = 
© "depicted as 
| 1 a mummified 
pharaoh, 
, : . ; was god of 
. Egyptians departed this world with all their home comforts Bogle 
Long before their deaths, wealthy Egyptians Also placed in the tomb were shabtis. These carried to the tomb accompanied bya 
would build their tombs and pile them high were small figurines, often made from clay, procession of mourners and dancers. Two 
with things they would need in the afterlife. wood or stone, which would act as servants in women called ‘kites’ were also present, whose 
From tables and chairs to chariots, jewellery the afterlife. Some people were buried withjust job it was to mourn overtly. According to 
and mummified pets, they could guarantee one or two, whereas others —like Pharaoh Ancient Egyptian religion, the greatera 
that their spirit would never wantforanything. Taharqa-were buried with over a thousand. showing of grief, the better the soul would fare 
Food was just as important in the afterlife as it Poorer Egyptians had less elaborate tombs, in the Hall of Judgement. 
had been in their worldly one, so copious while those at the very bottom of society were At the tomb, a priest performed the ‘Opening 
amounts of wine, fruit and grains were also simply wrapped in cloth and buried in the of the Mouth’ ceremony, in which the mummy 
buried with the dead. Even meat wasincluded, desert with everyday objects like pots and was propped upright and a ceremonial blade 
which was often salted or even mummified to perhaps a weapon of some kind. But everyone, pressed against the mouth. This would enable 
prevent it from rotting. If the worst came to the rich or poor, was given a ceremony, as this was them to breathe, talk and eat in the afterlife. 
worst, they could always paint food on the considered necessary in order for his or her The action was repeated on the eyes and limbs 
walls - the Ancient Egyptians believed that in spirit to pass to the underworld. to allow the spirit to see and move. The coffin 
the land of the dead, depictions were just as Wealthy Egyptians were given an elaborate was placed in a sarcophagus, offerings left, 
edible as the physical products. funeral, during which the body ofthe deadwas __ prayers recited and the tomb sealed. 
A funeral fit for a pharaoh ei a resembling the deceased ensures 
These elaborate send-offs prepared the body for the lands of the living and the dead that the spirit will be able to recognise its body. 
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Into the coffin e Funeral procession | 
A painted ‘cartonnage’ case is attached to the A procession of mourners carries the coffin 
mummy, then it is placed in a ‘suhet’ (coffin). and grave goods to the tomb. Some of the 


mourners are paid to weep loudly throughout. 














Opening of Sarcophogus 
the Mouth The coffin is placed _- Sealed with 
At the tomb, a in a sarcophagus - a spell 

priest performs the an alabaster box Both the 


sarcophagus and 
tomb are sealed 
before the priest 
casts a spell to 

= | protect them, 
known as the Curse 
of the Pharaohs. 


Opening of the 
Mouth ceremony, 
allowing the 
deceased to 
breathe and speak 
in the afterlife. 


| designed to provide 
i extra protection. 
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Tutankhamun’'s tombs also contained the mummies of his two stillborn twin daughters 








| 
— | 


JOURNEY TO THE AFTERLIFE 


—————— ee i P+ 
-.© i= =e | 
-. fe - 
= ~ i a 
» 

















securing an eternal place in the heavens was 


easier said than done 


No amount of money spent on tombs or time 
spent memorising spells could guarantee an 
Ancient Egyptian a place in the afterlife. First, 
their soul would have to conquer the obstacles 
and demons of the underworld, and then face 
the judgement of the gods in the ‘Weighing of 
the Heart’ ceremony. Only the worthiest souls 
could then proceed to the Field of Rushes, 
where they would exist in 
pleasure for eternity. 


potentially pass this stage of the test without 
being entirely innocent. 

Next, the spirit could proceed to the 
Weighing of the Heart ceremony. This was 
overseen by Osiris, the chief god of the 
underworld. The Egyptians believed the heart 
contained a record ofall of the deceased’s 
actions in life, so it was weighed against the 

feather of the goddess Maat to 
, determine how virtuous they 








had been. If the scales 
balanced, the spirit was 
welcomed into the afterlife by 
Osiris. Ifthe heart was heavier 
than the feather, it was thrown 


Isis 

Along with her 
sister, Nepthys, 
Isis protected 
the dead, and 
was goddess 
of children. 


The Ancient Egyptians 
believed that when a person 
was buried, their spirit 
departed their body and 
descended to the underworld 


Egyptians were buried with all their worldly possessions, 
including beds and chariots 





(Duat). There, it must pass 
through 12 gates, each of which 
was guarded by a different deity, which the 
spirit must recognise and name. That may 
sound easy, but there were also monsters, 
demons and lakes of fire to contend with. The 
Book of the Dead provided a list of spells that 
would help the spirit to overcome these 
obstacles. If successful, the soul would pass 
into the Hall of Judgement, where it would have 
to prove its worthiness in front of 42 deities. The 
Book of the Dead also helped the spirit with the 
right answers to their questions, so that it could 





to the crocodile demoness, 
Ammut, and the soul was cast 
into the darkness, condemned to an eternity of 
restlessness. Of course, the dead could always 
rely on their trusty book for help. Asimple 
recital of spell 30B could help to prevent the 
heart from giving away their murky past. 

Those lucky enough to secure a placein the 
afterlife would experience the magnificence of 
the Field of Rushes. The dead would be granted 
a plot of land on which to grow crops, assisted 
by the shabtis they had been buried with, and 
look forward to a future of eternal peace. 
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In the underworld, the spirit would have to battle giant, 
serpents and other monsters 


tan AY 
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The Palais Garnier 
opera house 


Check out the building that inspired Leroux’s 7 


Phantom Of The Opera et cette construction 


: : (o) ma ual=mel e-lale me) ol-1e-Maleleli= 
ormally opened in 1875, this grand opera S 


house was designed by architect Charles Backstage Stage 
Ce Veablsyemsioeulmbenuelcw\ clon) st-baelelOCcnciayslcy Rehearsal spaces, The huge stage = = 
id aCBEe\ratslobbalrvaloacjoearplecvaemeallel-vel dressing rooms and ene TTL eae Inside the Palais 
tai dl that all tnumb SO ee an ee une es ann Phantom or not, the opera house 
Sircbeqerctsicrse- 0 elem (oleperxecnuatclmclNOwarcctsimelepeslelses babind the stace: eat members: , p 


of people to flow through the foyer areas into has plenty of secrets to tell 


the horseshoe-shaped auditorium. A huge 
chandelier hangs in the centre of the room, Lake 


from which a counterweight fell to the ground VAS Ieee ous 
water tank is 











PANU Celigeya (Clan 
Wat=m=)(2\er-laereleleline)a (Ulan mis 
arranged around a 


in 1896, killing a construction worker. This, eRe eee SIPS AU een 
along with many more ofthe building’s quirks, to a large white Se ie a we 
inspired Gaston Leroux’s 1910 gothic love story, catfish, fed by 

The Phantom Of The Opera. opera staff. : 


When work began on the site in 1861, the 
workforces cleared hundreds of square metres 
of ground but were delayed in laying the 
concrete foundations. Despite many attempts to 
drain the site, the only way to stem the flow of 
water was to install a huge stone water tank. 
The pressure of the tank stops any more water 
rising, and it also stabilises the building. As 
well as inspiring Leroux’s Phantom's 
underground lake, Parisian firefighters now 
use the tank to practise swimming in the dark. 


The world’s tallest statues a 


Rounding up some of the most gigantic figures ever built Buddha, China 


155m 





155m Laykyun Setkyar 
Ushiku Buddha, Burma 
Daibutsu, 130m 


Guanyin of the 2a@pan 
Emperors Yan South Sea of 120™ gum 


Peter the oe Huang, China Se China 


Great, Russia 
Statue of 98m a 
Liberty, US f a 
The Motherland 93m . ‘. 
Calls, Russia F 
85m 


Christ the — 
Redeemer, 
Brazil 

38m 
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Height (metres) Statue and location 
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DID YOU KNOW? Henry VIII and Catherine of Aragon were married for 24 years — twice as long as all his other marriages combined 





Responsible for up to 


12,000 


EXECUTIONS 


Estimates for the death toll 
vary greatly, but sources 
claim that anyone who 
refused to recognise 
yAValavem sie) (2\ a else alts) 
lawful wife or 
who didn’t 
lelestom iam ali 
break from the 
OF] ale) (om alel corn 
was killed, as well as anyone he 
Kee) @-Melelalcle-] mel} |Ldlale muon 
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Henry was a prolific palace builder. His 
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Shocking facts and figures 
Flore luimial-wievrshesleeicm meleleve 


L 


Catherine 
of Aragon 
(m. 1509-1533) 





Anne 
Boleyn 
(jn eyeelksysi sp) 


‘, 


~ 


Seymour 
eee dored, feared, respected and reviled, 
Henry VIII is perhaps the most 
controversial king to have ever ruled 
England. He is best remembered for doing the 
Ubalsebbeuce-lo)tcu-belemeyacr-Ncevercmiisinemmel-ner-udele)ele 
Cl albbcelebmbetcinsr-Lomelcrelt-babotcmebecntsi-)0melcr-lomeymuel= 
new Church of England in 1534, ina period 
known as the English Reformation. The break 
was down to a dispute after the Pope had 
refused to annul Henry’s marriage to his first 
wife, Catherine of Aragon, who had been 
unable to bear hima son. He turned his gaze to 
Anne Boleyn, and as they say, the rest is history. 
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Catherine 
Parr 
((aammlheyCoihey-¥Q) 


we 


Catherine 
Howard 
(m. 1540-1542) 


a 


Anne of 
Cleves 
(m. Jan-July 1540) 


ae 





Henry was a well-respected 


4 » 'nal0sy(eltc]alr-] are mexe)an|eles\-lemvanre) ale 
ee lalksmexe)|(=Xe1d (eae) im aalllsy(ere) 
4, TavsiuaUlaatcialecmuatslcomlclaey 
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‘Gilaallelacenvle)iias)) 


sets of 
bagpipes 


1.88m 





Henry towered —— 1.90 
(o) (=) an aa le Sime) 1.85 
the other men me 

Tamalmerelelas — 1.80 


Legitimate 
children 


Henry’s wives bore him many 
children, but only three survived 
past their first birthday. He also 
lave\eWe]aMilccte|iuiaar<le-merall (eM o)Vm@alis 
mistress Elizabeth Blount. 
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4 
Mary I Elizabeth | Edward VI 
(1516-1558) (1533-1601) (1537-12553) 


When he came to the throne, 
Henry was still a teenager. He 
reigned for 37 years until his 
death, aged 55. 


Weight 
at death 


Henry’s 
appetite and 
Tarele)| fiance) 
exercise due 
to ulcerated 
legs - the 
result of a 
igtellate| 
elexel(e(svalt 
- eventually 
1KoYe) .@- ke) | Kelp 
his waistline. 
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Medieval siege minin 


Ifa castle proved resistant to attack, every good commander 
knew he could literally undermine its defences 





Solid defence 
Defenders would hurl boiling 


n Medieval warfare there were many ways Parakey andenke ao well 








to bring a fortress crashing to its knees. as shoot arrows down onto In 1215 CE, Rochester 
Battering rams, trebuchets, ladders, or The ‘cat’ the attacking force. - Castle came under siege 
simply starving the garrison into submission A strong wooden " by King John, who used 
were all perfect tools and tactics for winning a structure, known as a we J op, whe ee ol 
; ‘cat’, would shield the vy e derences 
siege. If none of these usual methods worked, & 
é miners from attack pe u 
however, the attacking force could dig under while they began A | a 
the walls themselves, and destroy them from digging under the walls. , eebnet Stee Detection 
beneath. With a huge hole in the castle’s ff attle ne The defenders used 
; f <= Ifan attacking anda _ buckets of water to detect 
defences, the attackers could swarm in and 5 ; | y defensive tunnel met, mining - the surface would 
overwhelm the unfortunate defenders. ° Pr bloody hand-to hand ripple from the vibrations 
// f we { combat would begin. _ of any nearby digging. 
Wooden props | 










As the tunnel grew longer 
and deeper, the miners 
would prop up the roof 
with wooden beams to 
prevent it collapsing. 
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Collapsing the tunnel 
Once the attackers reached 
underneath the tower or wall, 
the wooden props would be 
set on fire to collapse the 
tunnel and bring down the 
defences above. 


Countermining 
If they could detect an enemy 
tunnel, the defenders would 
begin digging their own to 
intercept and stop the attackers. 


Military acoustic locators 5 eee. 


Large Detectors, 


These huge listening devices could hear the enemy ) » nicknamed ‘war tubas' 
coming before they came into view | t 


efore the development ofradar,therewas __ aircraft were relatively slow and their engines 

only one reliable method for detecting loud enough that their approximate direction and 

enemy aircraft from far away: to listen elevation could be detected from a distance. 
carefully. Devices known as acoustic locators As enemy bombing raids increased over the 
were developed to intercept the sound ofan south of England, huge ‘acoustic mirrors’ were 


approaching aircraft. The sound would travel built to provide early warning of approaching 

oo) iiisekr-veuclar-lelelcvonerlo)(cr-velepbelconuelcn=r-Nge)eleetcrs aircraft. These large concrete structures looked 

of the operator, just like a doctor’s stethoscope. like stone satellite dishes, and were designed to 
Hundreds of different designs weredeveloped capture the engine noise of incoming German 

during and after World War I, ranging from zeppelins. However, with the invention of radar 

smaller portable equipment, to devices and the development of faster aircraft, these 

resembling massive trumpets. At the time, structures and acoustic locators became obsolete. 
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Japanese sake, while often referred to as a ‘rice wine’, is actually a type of beer 





Beer 
through 
the ages 


The history of the world’s 
most widely consumed 
alcoholic tipple 


1 1988 
] PLASTIC WIDGETS 


Invented originally for Guinness, plastic 
widgets are nitrogen-filled spheres. Now 
common in many lightly carbonated 
beers, they help release some of the 
dissolved carbon dioxide bubbles when 
pouring, creating a frothy ‘head’. 


1933 


BEER CAN 


The Gottfried Krueger Brewing Company was 
the first to produce beer cans, initially creating 
2,000 which were given to its customers to 

trial. The original aluminium design weighed 
roughly seven times the average beer can today. 
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FERM ENTATION 

The French chemist Louis Pasteur demonstrated 
that yeast was responsible for fermenting sugar 
into alcohol. He also showed that bacterial life 
could spoil beer, and invented a method called 
pasteurisation that killed microbes with heat. 


Circa 1500 


GROWING POPULARITY 


During the Middle Ages, beer became hugely 
popular, particularly in Europe. In1516 Germany 
introduced the first purity law, stating that beer 
may only be brewed from water, hops and barley. 


Circa 8OO 


HOPS 


The first written evidence of hops being used as 
a beer ingredient is from a French monastery. By 


replacing traditional mixes of herbs and spices, 
and imparting a bitter, tangy flavour. 


Circa 9000-7000 BCE 


BARLEY 


Although beer’s true origins are unknown, 
many believe it was invented by accident during 
the Neolithic era. Wild yeast may have settled 
on barley that had germinated, starting the 
fermentation process and creating alcohol. 





the 13th century they were used asa preservative, 
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GU) alere)!(s) ad else lesimiyeelena 
giant beasts of frozen Earth 


(o) ep eslessimeye ot. ban ekowebiciie)avmmaelsme)t-delcimercts 

been free of ice, even at the poles. 

However, for the last 2.4 billion years, 
JDeeRad ow ek-tomolct-yemencelebelcmbon-bolomelvimeymsacreyAberoele= 
ages. For millions of years ata time, 
iccveaorsvesume baci olepesbectcum-pelomt-Dexc-Nact-loneyma els 
globe become trapped under sheets of ice. 
These glacial periods start gradually. Snow falls 
during the winter, and fails to melt inthe 
summer, and over time, layer upon layer is built 
up. The white surface reflects sunlight back into 
space, anda cycle of cooling begins. 

Vast glaciers form at the poles, creeping 
inwards towards the equator, and Earth’s water 
is locked away into slowly moving ice. As it 
creeps along, it carves great scars into the 
FDaoks(erch olen ol-velcrsla eM selcvemersbadeMcMuycliave 
freezes, sea levels drop, revealing land once 
hidden beneath the oceans. Winds and 
currents change direction, and even those 
places untouched by ice undergo significant 
climate change. 

There have been at least five ice ages so far, 

id elewebacimeyarenlelemme-belsyce)eesl-\omnel-n-velubacme)t-bels! 
into a giant snowball. However, within these 
periods of extreme chill, there have been 
occasional bursts of warmth. During each ice 

Fe TeXemmd Olcw orb al om eay(ealctombow-belemelvimeymcat-Leit-lnle)el 
freezing for tens of thousands of years, thawing 
temporarily, and then freezing again. As the 
glaciers warm, water floods back across the 
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history ofice on Earth. al 


land, filling valleys and 

carving out new tracks in the 

landscape. Sea levels rise, and 

winds and currents shift. In fact, 

we are in the middle of an ice age right now - 
loLULmcx-basween-Mas)eevoleve-Vavmner-\ianetclmolcrer-vel 
around 11,000 years ago. These warm periods 
are known as ‘interglacials’ and we don’t know 
exactly how long they last for. Ice sheets still 
cover Antarcticaa nd Greenland, trapping 75 
per cent of Earth’s fresh water, and when these 
finally melt, it will mark the end of the current 
ice age. Until then, join us as we delve into the ~ 
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the poles, creeping 
towards the equator” 
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DID YOU KNOW? Around Se to 57 million years ago, Earth was so warm that there were trees in the Arctic and Antarctic 





TRIGGER POINT 


Earth’s temperature depends on where it’s at in its Milankovitch cycles 























The Sun warms our planet, but the amount of time, becoming more elongated (or ‘eccentric’) known as precession, and it takes 26,000-years to ? 
heat we receive varies over years, decades and and rounder in a cycle that lasts 100,000 years. complete one cycle. 
millennia. This is because Earth’s orbit, tilt and The second cycle, known as obliquity, refers to The amount of solar energy that reaches Earth 
axis angle fluctuate in three different patterns, the tilt of Earth relative to the plane of its orbit, depends on where it is in all three Milankovitch 
known as the Milankovitch cycles. which varies from 22.1 to 24.5 degrees over a cycles. At times when the planet receives the least 
The first cycle is known as eccentricity. Earth 40,000-year period. The bigger the tilt, the more energy, summer temperatures are coldest, and 
moves around the Sun in an elliptical orbit, extreme the seasons are on our planet. Finally, an ice age may be triggered. But the planet’s fate 
coming in close and then moving further away. Earth also wobbles as it spins, a little likea also depends on the position of continents, ocean 
However, the shape of this orbit changes over spinning top as it slows down. This wobble is circulation and composition of the atmosphere. 


The making of an ice age pecatccn 


Several factors come together to tip the Earth into a big freeze The Earth wobbles 


as it spins, 
is completing a full 
Obliquity ——————— Tee wobble every 


Earth’s axis tilts back and forth 26,000 years. 
over a 40,000-year period. . 








When Earth’s 
water freezes, 
sea levels 
drop, and the 
land beneath 
is revealed 


Sunlight 
received 
The amount of sunlight 
that the Earth receives 
depends on the tilt of 
its axis, the time of 
year, and the 
eccentricity of its orbit. 






Eccentricity 
Earth’s orbit around the Sun becomes 
more circular and then more elongated 
on a100,000-year cycle. 





Cloud 
cover 
Particles in the 
atmosphere, 
including 
clouds or 
volcanic dust, 
can block 
incoming 
sunlight. 
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Perpetual 
cooling Reflection Greenhouse effect 
Ice reflects 80 per Beneath the clouds, sunlight Melting ice Bare ground Carbon dioxide is a greenhouse 
cent of the sunlight can be reflected back down If ice starts to melt, the amount of Bare ground absorbs gas that makes the atmosphere 
that hits it, keeping towards the Earth, keeping reflected light decreases, and sunlight, contributing warmer. It is trapped in ice, but 
temperatures low. some of the heat in. cloud cover increases. to warming. when this melts, it is released. 





© Alamy; Illustration by Nicholas Forder 









f “eh. > ii i 














THE LAST 
GLACIAL PERIOD 


WVANBetstmonComdelcnriteelew lore) ce 
like at the height of the 
last ice age? 















Cordilleran ice sheet 
A second, smaller ice sheet 
periodically covered the nr t | | ot og 

faelad aves mela (lau aW-Vaa-laler-F Mh esle ' 
Meriea Greenland 
ice sheet 
Neyer \muatoMelaz\-laltelare 
ice sheet is the largest 
in the Northern 










Laurentide ice sheet 







ee NE ; 
oe. Oa This ice sheet started in Canada, =e pellieba tenets 
“Gn and gradually crept over the a pala se ae cent 
, northeastern United States. of Earth's tresh water. 















Patagonian 
ice sheet 
Most of the land in the 
Southern Hemisphere 
remained ice-free, but yAVal t=] cog (om (ex=B-J al =(21 | 
a sheet formed in ° Antarctic ice is relatively 
South America. MaYeNVAVAare] 8) eXex-la (ale melOlalaremunrss 
last ice age. It’s now the 
largest ice sheet on Earth. 





3 BILLION 2 BILLION 


barrie ice YRS AGO @ YRS AGO 
| through! | | | jf 


















fol TT am F- Jae (oxere) ols) Snowball Earth Slushball Earth Mass extinction 
ntekomeratslave (sve Our entire planet DyUraiaremanrs WM ateW-Vate(=t-laest-larelecla 
mitiice sheet contains Sidenartotite 4 dramatically li cey4-Monolmel Ula iarem ual) Cryogenian ice age, a TexWelel-M-ereceyaay ove lalicre maal= 
ded it. over the last 2.4 _ first ever ice age, called band of liquid ocean second largest mass 
_ billion years the Huronian. remained at the equator. ryan areatolaMiamalcixelaya 
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Ten per cent of the Earth's surface Is covered in glaciers, holding 75 per cent of the planet's fresh water 











“When Earth's water 
freezes, sed levels drop, 


revealing land once hidden 
beneath the oceans” 
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” - : ; he ep Se Se \ f 
Sars. \ Sn. ee = . ese 
oe ie Sh a Sait Siberian ice sheet 
es nae? % mt | A sheet of ice one kilometre 
se PO enn 7 | thick extended into the 
> a rae, | Arctic Ocean, leaving 


scratches on the seabed. 


Africa 
Yellow Sea 
= .— IN Coy VAVarcls ate Vela mean i(elliccwmuals 
. aan AY : es |) ae oe: Yellow Sea was empty of water 
Persian Gulf ; NSS , ye +: Jaen fe[Ulalatemant=M lksian(ex-B-lo(= 
bb This shallow sea dried up . | " ‘ff 
‘=. | as water levels dropped by 


‘} more than 100 metres. ra : hee 8 
¢ - Scandinavian ice sheet 


Most of Northern Europe was 
encased in ice, covering 
Nel avd aliaremige)anmual-mOl.qine) 
western Russia. 
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THE 
SURVIVORS 


Meet the giant beasts 
idatelm@e)ace|O(scsremnel= 
frozen wilderness 


Before the end of the last ice age, Earth was 
inhabited by weird and wonderful mammalian 
megafauna. Food was abundant, allowing 
animals to grow to enormous sizes, and the 
larger they got, the more protection they had 
from the cold. Not all of the animals that lived 
during the ice age inhabited the coldest parts of 
idatomo)ecbols]mmantsDanvamulccomeaqelenelons)(eluetse- Dave! 
sabre-toothed cats, preferred to live in warmer 
and more temperate regions further south. 
There were also many true ice survivors, 
including fur-covered woolly mammoths, musk 
oxen, and giant dire wolves. Their stocky bodies 
helped to minimise heat loss through their skin, 
HALO MEs\V(c) SHO) MCclmsbelemarsDbame)cenislolcrommalae 
insulation. However, when the temperatures 
started to rise, these animals began to struggle. 
During interglacial periods, glaciers melt and 
sea levels rise; valleys flood and lakes appear in 
the landscape. Ocean currents change direction, 
and winds shift. And as if that weren't enough 
pressure, at the end of this particular ice age, 
Jarbbeetsbatsnry(c) cop aey-beebbercmaelcut-palelcyer-hel-mniiuel 
spears. Our ancestors competed with top 
predators, and hunted some of the largest 
animals. Mammoths and mastodons were 
‘keystone’ species, so large and numerous that 
their activities carved out vital niches that other 
animals needed for survival. But around 50,000 
years ago, the ice age megafauna started to die 
out, and by the time the glaciers had retreated, at 
least 177 large mammal species were extinct. 





Sabre-toothed cats 
had 15cm canines 





“At the end of the ice age, 
humans were roaming the 
landscape with spears ™ 





Sabre- 
toothed cat 


There were three species of 

Yc] 0) cota Kole) ual=1emer-] Mar-]|mce)ele lc ml amaars 
Americas. They were similar in 

J PAom Kom anvele(=\aaml(e)aicrm eleimuyian 
shorter legs and significantly 
larger teeth. Their curved canines 
were over 15 centimetres long, 
late Mmuatcli au aaleleldatcme)el-lalclem-]/aalecis 
twice as wide as those of modern 
cats. Surprisingly, however, their 
bite force was nowhere near as 
powerful as a lion’s. Although 
they are often called tigers, the 
(oxo) fol Ular-]alemey-1akciaalialeme)muntliamiela 
om alelan.¢nve)viiaurlalemanrs\Var-lacmaleys 
closely related to modern tigers. 





The first fossilised mastodon tooth was found by a farmer in 1705 and weighed ekg - he traded it for rum! 






























Woolly mammoth Dire wolf 


These iconic ice age animals were covered in thick hair and layers of These prehistoric wolves 
insulating fat. Unlike modern elephants that have large ears to aid were slightly larger than 
heat loss, mammoths had small ears to conserve heat, and even their their modern 

blood was adapted to cold weather. Their haemoglobin - the counterparts, with short 
molecule that transports oxygen in the blood - functioned over a legs, broad heads, and 
much wider temperature range than that of modern elephants, smaller brains. While grey 
allowing oxygen to reach their extremities even in the freezing cold. wolves use speed and 

























teamwork to wear their 
prey down, these snow 
hunters are thought to 
have preferred ambush 
tactics. Grey wolves 
existed alongside these 
fearsome hunters but 
10,000 years ago, dire 
wolves had disappeared, 
along with other ice age 
predators like sabre- 
toothed cats and 
American lions. 


Ground sloths 


Megatherium, or ground sloths, were the 
size of modern-day bison. They lived in the 
savannahs, forests and grasslands of North 
America, subsisting on a plant-based diet. 
They had long hair, huge jaws and 
powerful claws, which they 

used for digging and 

reaching up to tear 
leaves off branches. 









yught to have been the 
ith t-facing feet that 
allowed them to reach speeds of more than 64 
kilometres per hour. Their blunt snouts are thought to 
have helped them to get the maximum amount of air 
into their lungs while chasing their prey. 
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Glyptodonts 


These bizarre-looking beasts were the called osteoderms, and a fearsome- 


size of a car, and the heaviest weighed looking clubbed tail. While armadillos can 
more than a ton. Related to modern flex their armour, glyptodonts had fused 
armadillos, they had a protective bones with rigid shells that turned them 
exoskeleton made from plates of bone into walking tanks. 
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LIVING IN A FROZEN WORLD 


How did early humans survive the ice age? 


Early humans had begun to explore Europe, Asia _ distances, thereby making the most of their 

and North America by the time the last glacial social networks. 

period set in around 110,000 years ago - this is Humans banded together and used sharp tools 
what is often referred to as the Ice Age. Although to hunt large animals like mammoths and 

many humans lived farenoughtothesouththat §mastodons, securing the biggest calorie payoff 






























they escaped the advancing ice, some had to for their efforts. And when the meat had been 
brave fierce drops in temperature. They had consumed, they made needles and stitched the 
three choices: migrate, adapt or die. skins into well-fitting clothes. Neanderthals were 

Humans werent alone in their struggle. extinct by the time of the glacial maximum, 
Another hominid species, Neanderthals, were 20,000 years ago, but humans’ intelligence and 
also attempting to brave the cold. They were ingenuity helped them to cling on through 


stockier than humans, withshorterforearmsand _ thecold. 
shins, which would have helped to conserve 
body heat. Neanderthals built simple shelters, 
used animal skins for blankets, and kept 
themselves warm beside wood-fuelled fires. In 
mild conditions, they hunted red deer, and as it 
grew colder, they switched to reindeer. 
Eventually, when the landscape froze, they 
moved south in search of warmth. 

However, humans had something that 
Neanderthals did not: advanced technology and 
sophisticated communication skills. They moved 
south to escape the worst of the cold, but some 
were still exposed to chilling temperatures and 
challenging environments. They learnt to burn 
bones when wood was scarce, built more 
complex shelters, and traded over great 


The secrets of survival 


Clever thinking and advanced technology 
allowed humans to make it out alive 
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Hunter-gatherers 
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“Humans moved 
south to escape the 
worst of the cold” 
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Pelts were removed 
ice)aamat-liavarclallaar-licerclarel 
stitched into clothes 
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Tce age humans dug into the permafrost to build ‘ice cellars’, where they stored supplies of food 











THE END OF THE ICE AGE 


What caused frozen Earth to thaw? 
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20,000 years ago 19,000 years ago 17,500 years ago 





Towards the end of the last ice age, The influx of cold water into the The flow of ocean currents affects the 
Earth tilted on its orbit, pointing the Atlantic disrupted the ocean currents, wind, and with the disruption in the L 
Northern Hemisphere towards the Sun. slowing the flow of warm water north, winds pushed downwards. As rivet 
With more light and more heat striking moving up from the south. With the southern glaciers melted, more 
the frozen surface, ice sheets in this nowhere to go, these hot streams water was released into the oceans, 
area finally began to melt, and water remained in the Southern Hemisphere, of and with it came carbon dioxide - a 
flooded into the Atlantic Ocean. warming oceans and melting ice. E greenhouse gas that helps to trap heat.. 
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some protection against the ice-free areas would Sat is tae helping to maximise the use 
cold weather. have helped humans ‘|, an Yee of different environments. 
to survive the worst - ae Ts Par, 
fo) im ual-mexe) (oh __ we ee hee 





» Shelter 
= Some shelters were 
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Mea 5 = Nee fr os . Wood was scarce 
yan) exe) Kowelale exe) palanlelalcerciuce)a > tdi <i =a “dé a ; : "= in some places, so 

© allowed groups of people to work / » le a ae he humans burnt 
icole[=1dal-1ancono)iclamie)maar-mielaela-y _- —— bones as fuel. 


o 2 oops ii... 





im HISTORY 


ae ee See | alte lamarclialiat 
er = — : Ladies would pluck their hairline 
ui 0) g The Darnley Portrait of “ © a“ - ixoWr- [el al(e\Vi-WeM alle latcl@nieaclalcvlemrelare! 
Elizabeth I was completed 1 2 cr) ae heavily arch their eyebrows. 
i t circa 1575 and shows her as ay g f 
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During Elizabeth I’s reign 






















Light hair | : . NiVce)aalslam ey-]ialncvemualslia 
The dos and don'ts of ~ either bionde or rediiifiae aaa | isc 
Kote) Kahetemexeyeexcrolerspbeb tessa! ie hcback s i. 
century marca echare| Soft skin >“ by 7 Red cheeks and lips 


STE eCLCTIORL Gout nec ere tl During Henry VIII’s-reign, a Tudor ladies used mercuric 
Pp ty 8 Ms women used cream ~ sulphide on their cheeks and 


throughout history, and the Tudors went to oxo) ahielialiarep ek=t=sc\Vi\/e). are] ale. " > TTessm ce)arels o)a ie] alms la pall iiteya 
great lengths to achieve the ideal. They honey for soft, dewy skin. q : _ - colour and blush. 
looked to their Queen, Elizabeth I, for inspiration, 
so it became very fashionable to have fair hair with 
porcelain skin and blue or grey eyes. 
Pale skin was a sign of wealth and relaxation, as 
by contrast, tanned, freckledorsunburnedskin _@2as =O" ee St, ee ate aw 
was an indication of hard labour out in the eo Cn Oh glee Ya es 
fields. In the early Tudor period, women 
softened their skin with creams and 
ointments, but towards the end of the era 
ladies used ceruse, a cream made of 
white lead and vinegar, to whiten their 
complexion. Many suffered from lead 
poisoning asa result, but they also 
went to further extremes, suchas 
bleeding themselves to remove 
any rosy flush. 
Darker-haired ladies dyed their 
locks red with henna, or 
attempted to lighten it using urine 
ora mixture of cumin, saffron 
seeds, celandine and oil. Wigs 
were also very fashionable, and 
high-class women would wear 
these to achieve the desired colour 
without a messy dye job. 
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. Anne Boleyn * 
MiVrcksala mere) atsi(e(=)asve 
1ugslelluce)arel iN 
beautiful, due to 
aclael-l a @arellarelare 
sallow skin 








DID YOU KNOW? The word ‘tragedy’ is derived from two Greek words: ‘tragos’' meaning ‘goat’ and ‘geidein’ meaning ‘to sing’ 






e have a lot to thank Ancient Greece 
W:: From democracy to philosophy, 

this thriving collection of city-states 
was the birthplace of so many things that we 
take for granted today — including theatre. 

The first mention of it dates back to 532 BCE, 
when an actor called Thespis performeda 
tragedy. His name has been immortalised asa 
term for a performer -— a ‘thespian’. A few decades 
later, a festival called the City Dionysia was 
established in Athens to honour Dionysus, the 
god of wine. The events centred on competitive 
performances of tragedies and, from 487 BCE, 
comedies. Thousands flocked from all over 
Greece, businesses closed and prisoners were 
released to take part in five days of festivities. 


Ancient Greek theatre 


Uncover the civilisation that invented the play and set the stage for Western culture 





Performances were staged at the Theatre of | 
Dionysus, considered by many to be the first ever 
built. This was a huge open-air arena that could 
seat up to 17,000 people on rows of benches set 
into a hill. The actors performed in the centre, 
known as the ‘orchestra’, while a backdrop was 
painted onto a building behind the stage known 
as the ‘skene’. This was also where the actors 
changed into their masks and costumes. 

The theatre’s acoustics were so well thought 
out that every single audience member would 
have been able to hear the actors performing, 
even in the days before microphones and sound 
systems. Over two thousand years later, we still 
base our theatre designs on these incredible 
ancient structures. 


The ruins of the theatre of 
Dionysus as they appear today 





Pick a genre 

In Ancient Greece, tragedy and comedy 
should never mix. The City Dionysia pits the 
writers of these two genres against each other 
in its annual theatre competition, so choose a 
side and get planning. 





Start writing 

Not only do your plays have to be written 
in verse, you'll also need to compose the music 
to accompany them. As for subject matter, the 
more revolutionary the better. 


you will need to pitch your idea to an official, 
who is known as the eponymous archon, and 





your work to the stage. The competitions can 


Decide your actors 

The eponymous archon is responsible for 
deciding your lead actors, which is done by 
drawing random lots. The chorus actors are 
paid for by wealthy citizens looking to win 
public favour. 


Get funding 
Plays in Athens are publicly funded, but 


get his approval, before you see the colour of 
his money. 








Collect your prize 

The judges write their scores on tablets 
and place them in urns. The eponymous 
archon draws five of them at random and the 
winner is awarded with a wreath and a goat! 


Perform your play 
Once rehearsals are over, it’s time to bring 





attract up to 17,000 people and last from dawn 
until dusk. 
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MNVCIITONs 


From brutal torture devices to bizarre medical treatments, 
these terrifying contraptions reveal a darker side of innovation 













rom the wheel to the World Wide Web,we gruesome events were usually carried out in were designed to kill instantly, chemical 
have invented some truly ground-breaking publicto deter others from following in the weapons could draw out death for several 
things during our time on Earth. Yet footsteps of the accused. agonising days - thankfully, this form of warfare 
throughout history, inventors have also been Even if you weren't sentenced to death, there is now prohibited. 
known to put their skills to use in horrifying were plenty of ghastly implements that could be Weare also lucky that some medical devices 
ways, creating contraptions that have caused used to torture you instead. Typically used to from history are no longer used. Despite being 
unimaginable suffering. extract a confession or information about designed with good intentions, many medieval 
In the past, ifyou committed aterriblecrime,a accomplices, torture was popular in medieval procedures were truly stomach-churning, : 
punishment much worse than a long prison times, with the screams ofvictimsechoingfrom makingatrip tothe doctor quite the ordeal. E 
sentence awaited you. From boiling peoplealive castle dungeons across Europe. So as you drive around in your car and browse = 
to sawing them in half, execution methods were War has also inspired a wide selection of the web on your phone, be grateful that the £ 
© 


often developed to beascruelas possible. These _ horrificinnovations. While guns and bombs inventions you use aren't gruesome like these... 





DID YOU KNOW? The last guillotine execution in France took place less than 40 years ago, In 1977 
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| Through the 3 ae 
trap door roa 
hanna The victim’s 
The victim is placed 
inside the hollow brass screams leave 
through the 





bull through a trap door 
in its back or side. 






nostrils of the bull, 
sounding like the 
bellowing roar of 
the beast. 













“. Modify their screams 
A series of pipes in the bull’s head 
amplify and distort the victim’s cries. 








3 Slow cooking 

The heat from the fire turns the 
bull into an oven, slowly roasting 
the victim inside. 

















2 Light the fire 
The door is closed and 
a fire is lit beneath the 
belly of the bull. 


Illustration by Tom Connell / Art Agency 


One of the most brutal methods of execution also doubled as a musical instrument, device’s musical capabilities himself. However, 
ever created took the form ofa hollow bull converting the victim’s desperate cries into as soon as he was inside, Phalaris shut the door 
statue. Invented in ancient Greece by Perillus,a what Perillus described as “the tenderest,most and lita fire beneath, causing Perillus to scream 
bronze worker in Athens, it was givenasagiftto pathetic, most melodious of bellowings”. for real. However, rather then letting him die at 
a cruel tyrant named Phalaris of Agrigentum. Distrustful of the inventor’s claims, Phalaris the hands of his own creation, Phalaris had him 


As well as roasting criminals alive, the device ordered Perillus to climb inside and prove the removed and thrown offa cliff instead. 
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— XVI and Marie Antoinette - - 
both publicall ted 
wee Nee Electric chair 


Electrocution was introduced as a 
quicker and supposedly less painful 
method of execution than hanging in the 
1880s. When brought to the electric 
chair, a person has their head and one 
calf shaved to reduce resistance to 
electricity and is strapped in across their 
waist, arms and legs. A moistened 
sponge is then placed on their head and 
an electrode in the shape of a metal 
skullcap is secured on top. Another 
electrode is attached to their 
shaved leg and then the 

power is switched on. 

2,000 volts pass 


Crucifixion 


Devised over 2,500 years ago as 
punishment for the most serious crimes, 
crucifixion would kill victims in a horribly 
drawn-out and painful way. With their 
wrists and feet nailed or tightly bound to 
a cross, and their legs broken by the 
executioners to speed up death, the 
victim’s weight would be transferred to 
their arms. This would gradually pull the 
shoulders and elbows out of their 
sockets, leaving the chest to bear the 
weight. Although inhaling would still be 
possible, exhaling would be difficult and 
the victim would eventually suffocate 
due to a lack of oxygen. This excruciating 
process could take 24 hours. 





















































Crucifixion would lead to suffocation through their A ' 
and multiple organ failure a = body, paralysing a, 
—_—— Gu r ; lotine the respiratory ; 
>. system and iy 
>“ causing 7" ig 





‘_™ Although beheading methods had already been around for centuries, in 1789 French cardiac arrest. 
w=... physician Dr Joseph Guillotin proposed a much more efficient and humane device 
“»—\, for decapitation. When the executioner released the rope holding the guillotine’s 
> *\ weighted blade in place, it would drop onto the victim’s neck, killing them in a 


‘), fraction of a second. This helped to eliminate the human error that was Electrocution is 
\ common with axe and sword beheadings, which sometimes required the still used as a 
, executioner to deliver multiple swings to fully remove the head. Although method of 
*. quick, guillotine executions were popular spectator events during the execution in some 





=¥ ) French Revolution and the guillotine operators become national celebrities. US states 
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Torture has been used asa method of 
punishment and interrogation for 
centuries, with the ancient Greeks and 
Romans regularly torturing criminals as 
part of their justice system. However, by 
the Middle Ages torture had become 
particularly prevalent, especially in 
response to crimes of treason. If you had 
been disloyal to the sovereign and your 
country, a whole plethora of horrifying 
torture devices awaited you. 

Torture was usually conducted in 
secret, with most medieval castles 
featuring an underground dungeon in 
which these diabolical deeds took place. 
A great deal of ingenuity and artistic skill 
went into developing instruments that 
would inflict the maximum amount of 
pain. Often simply threatening to use one 
on a person was enough to get them to 
confess, while others would quickly give 
in after seeing it used ona fellow 
prisoner. Some torture devices were 
designed to only inflict pain, but others 
would result in a slow, drawn-out death 
that prolonged the suffering until the 
victim drew their last breath. 

However, even if a prisoner was lucky 
enough to survive the torture, they were 
usually left severely disfigured and often 
had to be to be carried to their resulting 
trial, as they could no longer walk on 
their own. From the mid-17th century 
onwards, torture became much less 
common as there was much speculation 
about its effectiveness. Many prisoners 
would say anything to end their 
suffering, so it often produced inaccurate 
information or false confessions. It wasn’t 
until 1948 that the United Nations General 
Assembly adopted the Universal 
Declaration of Human Rights, banning 
the use of torture. 





a 








1 Breaking wheel 


_ With the victim’s limbs tied to the 


spokes of this large wooden wheel, it 
would be slowly revolved. As it spun, 
the executioner would bludgeon the 
victim’s arms and legs with an iron 
hammer, shattering their bones one by 


one. If the victim survived this, they 

_ were placed on top of a large pole, so 
birds could peck at their body until they 
eventually died of dehydration, which 

| could take several days. 


“Many prisoners would 
say anything to end 
their suffering ~ 


2 The rack 


With their hands and feet tied to 
rollers at each end of the wooden 
frame, the torture victim would be 
subjected to intense interrogation. If 
they failed to confess to their crimes 
or give up the information the torturer 
was looking for, a crank would be 
turned to rotate the rollers. This would 
pull on the ropes, gradually stretching 
the victim’s body and causing intense 


pain, eventually dislocating their limbs. 
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3 lron maiden 


A series of menacing spikes 
protruded from the interior of 
this iron chamber. With the 
victim inside, the door was 
closed slowly, causing the 
strategically placed spikes to 
pierce their body. However, the 
spikes were not long enough to 
be instantly fatal. Instead, the 
victim would be left to slowly 
bleed to death. 


DID YOU KNOW? Guy Fawkes was tortured for three days after his failed attempt to blow up Parliament in 1605 
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4. Head 
crusher 


With the victim’s chin placed 

over the bottom bar and their 

head beneath the metal cap, the 
executioner would slowly turn the 
screw to bring the two together, 
only stopping if the victim gave the 
right answers. As the victim’s head 
was crushed, their teeth would 
shatter into their jaw and their eyes 
would pop out from their sockets. 


¢ ¢ 


5 Thumbscrew 


Used as punishment or a method 
of extracting information, the 
victim’s fingers, thumbs or toes 
were placed between two 
horizontal metal bars. When the 
screw was turned, the two bars 
were pressed together, crushing 
the digits inside. Some 
thumbscrews even featured 
metal spikes on the bars to 
increase the pain. 
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6 Choke pear 


Also known as the ‘pear of 
anguish’, this device was 
inserted into one of the 
victim’s orifices, such as 
their mouth. When the key 
or crank was turned, the 
‘petals’ of the pear-shaped 
end would slowly open up, 
painfully mutilating the 
victim’s insides, but not 
causing death. 


¢ ¢ # 


7 Heretic’s fork 


Usually reserved for 
blasphemers, this metal rod with 
two prongs at either end was 
attached to a leather strap 
around the victim’s neck. One 
end would pierce their chin, 
while the other dug into their 
sternum, causing immense pain 
if they attempted to move their 
jaw or neck, making it more or 
less impossible to talk. 
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sprinkler 


Deceptively designed to look 
like a holy water sprinkler, this 
device was actually filled with 
molten lead, acid or boiling hot 
oil or water. The long handle 
was Shaken to shower the 
victim’s body with the 
substance inside. This caused 
horrific burns and was 
potentially lethal. 





Nowadays, when you're feeling unwell, you 
can visit a clean hospital and receive tried and 
tested treatments from a doctor with years of 
medical training. We often take this 

modern medicine for granted, but our 
ancestors throughout history were not 

quite so lucky when it came to health 

care. In medieval England for 

example, poor hygiene and filthy 

living conditions meant that | 
disease was very common. Yy 
However, with little ty 
knowledge of the human 

anatomy, many illnesses 

were attributed to 


witchcraft, demons, the 
will of god or even the 


positions of 

celestial bodies. 

Trepanning, which 

involves drilling a 

hole into the 

skull, wasa 

popular 

treatment 

prescribed to allow 

the disease-causing 

evil spirits trapped inside 

to escape. Others believed that 
diseases were caused by the fluids in 
the body becoming unbalanced, and 
so bloodletting — draining the blood 
from a particular part of the body - was 
thought to restore things to normal. 

The ‘doctors’ who carried out these 
procedures were usually monks, as they 
tended to have a basic medical 
knowledge, or barbers or butchers who 
simply had the right tools for the job. The 
equipment used was very rarely sterilised, 
as little was known about contamination, 
and procedures were carried out with no form 
of anaesthesia to numb the pain. It’s no 
wonder that people would put off 
seeking treatment for as 


long as possible! (t | 





World War I soldiers described the smell of chlorine gas as g combination of pepper and pineapple 
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Chemical weapons 
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On 22 April 1915, Germany shocked the world by World War |, around 50 different chemicals had been * 
launching the first large-scale gas attack in war. After used on the battlefield. The most prevalent were ' 
waiting several weeks for the wind to blow in the right chlorine, phosgene and mustard gas, which would 
direction, German soldiers released clouds of chlorine result in slow and painful deaths if soldiers were i 
gas near the enemy trenches in Ypres, suffocating the exposed to large enough quantities. Eventually, gas 
unprepared Allied troops. Although The Hague masks were developed for protection, but chemicals 
Convention of 1899 prohibited the use of poisonous such as mustard gas could still cause horrific blisters if ° 
weapons, Germany justified its actions by claiming that | they came into contact with the skin. Among the most 
France had already broken the ban by deploying tear devastating chemical weapons are nerve agents, such 
gas grenades in 1914. The chlorine gas attack as sarin, which attack the nervous system. Even small 
kick-started a chemical arms race and by the end of concentrations can be lethal, killing in mere minutes. 
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ET Lp, _ 
. oo - 
& 
> 
. a 2 
a a ‘> — -. A 
Chlorine Phosgene Mustard gas Sarin 
Appearing as a pale green cloud witha This colourless gas with a musty odour With the odour of garlic, horseradish or Colourless, tasteless and odourless, this 
strong bleach-like odour, chlorine gas reacts with proteins in the alveoli, tiny air sulphur, yellow-brown clouds of mustard gas blocks normal communication ° 
reacts with water in the lungs to form sacs found in the lungs. This leads to fluid gas cause chemical burns on the skin, between nerves. The nerve signals 
hydrochloric acid. This damages the lung in the lungs and eventually suffocation, eyes and respiratory tract, leading to large become stuck ‘on’, and muscles are 
tissue, causing coughing, vomiting and but the symptoms can take up to 48 hours blisters, temporary blindness and unable to relax. This can lead to spasms, 
eventually death. to manifest. shortness of breath. paralysis and asphyxiation. 
i) 
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Napalm ° 
Napalm is a flammable liquid with a gel-like rE ei, 
consistency, allowing it to stick to surfaces : £ 1} 
easily. In a bomb, it is combined with gasoline 2: es 
or jet fuel to explode upon impact, capable of | -_ oS = 
burning at more than 2,760 degrees Celsius. os : ra 
Even the slightest contact with skin can result 38 states Oiginally © i 2 , 
in severe burns and it can also cause death by signed the Geneva “4 = < 4 
asphyxiation. When ignited, napalm generates Protocol to ban the uSe - pete ae OUT rt ~~ a 
carbon monoxide and removes oxygen from bichepical WegPons : jae Sa | = 





Greek fire was 
the napalm of 
its day, but its 
ingredients are 
a mystery 


the air, suffocating those in the vicinity. 


Greek fire 
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Developed by the Byzantine Greeks in the 7th 
century, Greek fire was a flammable liquid that 
could burn on water, making it particularly 
effective for naval warfare. This liquid fire was 
sprayed at the enemy using early flamethrower 
devices, or thrown in primitive hand grenades, 
creating a raging fire that could only be 
extinguished with sand, vinegar or urine. The 
true ingredients are a mystery, but scientists 
believe it could have contained petroleum, 
sulphur and pine tar. 
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i 






f 


yf 


- “" ¢ 
@ ' 4 y . a 
? ez Met 2 
Oy =a a 
F Ar, < t , ’ 
T— 72 
. Ff 
P| 7 
@ Bsciewce Denvieonwent Drechno.ocry Greanspoet Owistory Msrace 


Exclusive offer for new 


UNCOVERED lw [7 PZ 
‘ . on ea 
USsCtate Lew bh e. rp 


i ane pe = - | | a 2 Ay “rn " 
a : = “tay 
SwHY Dogs: one — 


el 


és 





* This offer entitles new UK Direct Debit subscribers to receive their first 3 issues for £5. After these issues, subscribers will then pay 
£19.25 every 6 Issues. Subscribers can cancel this subscription at any time. New subscriptions will start from the next available issue. 
Offer code ZGGZINE must be quoted to receive this special subscriptions price. Direct Debit guarantee available on request. This 
offer will expire 30 September 2017 


** This is aUS subscription offer. The USA issue rate is based on an annual subscription price of £53 for 13 issues, which is equivalent 
to $80 at the time of writing compared with the newsstand price of $9.50 for 13 issues being $123.50. Your subscription will start 
from the next available issue. This offer expires 30 September 2017 


aa Full-colour illustrations 


: 2 =) Jam-packed with amazing visuals to really get 
Bm) you excited about science and technology 


| a 
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If youre Curious about the world we live in, you've come to the 
right place! With sections on Environment, Technology, Science, 
Space, Transport and History, the Book of Amazing Answers to 
Curious Questions is sure to satisfy your hunger for knowledge. 
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